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CHAPTER I 
GENERAL INTRODUCTION 
1. Background and purpose 
In response to social demands chemical research focusses its attention 
more and more on processes which are characterised by low energy re­
quirements, efficient consumption of raw materials and minimal formation of 
waste products. The exploration of new energy sources has become another 
subject of investigation. Transition metal complexes are already widely 
used as catalysts in a variety of industrial processes. It is generally 
expected that the field of transition metal chemistry will make important 
contributions to realise the above mentioned objectives. 
This thesis deals with aspects of the interaction of transition metal 
complexes with organic molecules. A study was made of the structure and 
reactivity of rhodium- and to a lesser extent indium-complexes containing 
small reactive hetero allenes and hetero allyls as ligands. The hydrocarbon 
aliene (H C=C=CH ) and allylic anion ([н C-C(H)-CH ] ) have given their 
names to the extensive families of substances called hetero allenes 
(X=C=Y) and hetero allyls ,([x-C(Z)-Y] ). They include such well-known and 
important chemicals as carbon disulfide, iso(thio)cyanates, (thio)urea and 
(dithio)carbamates. This research work deals with these compounds but also 
with a rather new class of hetero allyls containing phosphorus as a hetero 
atom. Some interesting new features about structure and chemical reactions 
of these compounds have been discovered. 
2. Rhodium m transition metal chemistry 
In low valent rhodium complexes, the metal is generally four coordi­
nate [15] and possesses an incompletely filled valence shell of 16 electrons. 
The presence of relatively high-lying filled (HOMO) as well as relatively 
low-lying empty orbitais (LUMO) may provoke amphoteric [16] or so-
-called biphilic [17] behaviour of the Rh(I) centre towards suitable 
reagents. A stable 18-electron configuration can be reached by two types 
of reactions between coordinatively unsaturated Rh(I) complexes and 
9 
various reactants: 
oxidative 
addition 
reductive 
elimination 
K . ^ 
" ^ B 
addition A 
Rh1 + A=B . Rh // (i) 
dissociation В 
Rh1 + Α-B , ' Rh'^ *" (ii) 
(i) the coordination of an unsaturated neutral molecule Α-B, in which the 
formal oxidation state of the metal is retained and (ii) an oxidative 
addition reaction of a reactant Α-B, giving rise to a M(A)(B) complex, in 
which the oxidation state of the metal formally changes from I to III 
[18]. In the oxidative addition reaction both donation of electron density 
by the metal-HOMO and acceptation of electron density involving the metal-
-LUMO occur. Under certain conditions the reverse reactions are favoured. 
Due to this the metal is able to generate vacant coordination sites, which 
in turn can be occupied by other molecules. By consequence rhodium com­
plexes play an important role as homogeneous catalysts in a wide range of 
organic reactions [19-21]. 
In this thesis new examples of these reactions involving hetero-
-allenes and -allyls will be described as well as substitution reactions of 
the type (iii) which are generally known for metal coordination compounds. 
ligand 
A B 
„,_/ . „ substitution „,/ , ,··•< 
Rh + В Rh + A (ill) 
3. Classification of zhe hetero compounds 
On a t t a c h i n g one, two or three h e t e r o groups Y, X and Z, r e s p e c t i v e l y , 
(Χ, Y = PR, S, NR, Ο; Ζ = PR , SR,NR2, OR) t o a c e n t r a l carbon atom, t h r e e 
c l a s s e s of h e t e r o compounds can be d i s t i n g u i s h e d : 
a. C^Y 
b. X=C=Y pseudo- or hetero allenes 
c. [X-C(Z)-Y] pseudo- or hetero allylic derivatives [100]. 
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θ 
a d d i t i o n Ζ 
Χ a b s t r a c t i o n ,, „ , C=Y -· X=C=Y ^ 0 
e l i m i n a t i o n Ζ 
Χ. 
x:c=--z 
One hetero allylic anion, i.e. the dithiocarbamato anion [R NC(S)s] , 
has been the subject of intensive investigations, in particular at the 
University of Nijmegen [1-14]. 
A closer look at the structure and properties of hetero allenes and 
-allyls, especially with respect to the relationship with alienes and 
allyls, will be given in the next paragraphs. 
Hetero allenes 
•(wM\/ 
On substitution of the two CR groups in the aliene molecule by iso-
-electronic hetero groups or -atoms X and Y (X, Y = s, NR, О), molecules 
X=C=Y are formed, which are called pseudo- or hetero allenes. The hetero 
allene molecules, studied in this thesis, are: 
S=C=S carbon disulfide RN=C=NR R -carbodnmide 
S=C=NR R-isothiocyanate RN=C=0 R-isocyanate 
The coordination to transition metal complexes of these compounds 
which is analogous to the coordination of aliene itself has been extensive­
ly studied. Assuming X to be preferred over Y for coordination, both 
1 2 
end-on (η ) coordination by X and side-on (η ) coordination by the C=X 
double bond occur. 
The reactivity of free and coordinated hetero allenes towards both 
nucleophilic and electrophilic agents is determined by the cumulation of 
the unsaturated bonds and the polarity within the molecule. The reactions 
can roughly be classified in three types: 
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a. Addition of a nucleophile to the central electrophilic С atom, 
leading to the formation of a hetero allylic anion: 
θ 
X=C=Y + ζ • 
Reactions of this type will be met with in the discussion of the 
syntheses of the hetero allylic ligands in Chapter II. 
b. Addition of an electrophile at the terminal X atom, resulting in a 
pseudo-vinylic cation: 
ffl г ΊΘ X=C=Y + R • [X— C — YR] 
This reaction is only known to proceed for coordinated hetero 
allenes. Reactions of this type do not come up for discussion in 
this thesis. 
c. Addition of both a nucleophile at the central С atom and an electro­
phile at the terminal X atom: 
Ζ 
I 
X=C=Y + Z-R • X=C-YR 
Reactions of this type will be described in Chapter II (Syntheses 
of the hetero allylic ligands). 
In the case of a M-L bond this simultaneous addition is, viewed 
from the metal-centre, called an "insertion reaction": 
c' . X=C=Y + M-L Μ-Χν„·ίΥ (monodentate coordination) 
The second hetero atom may become involved in the coordination. 
X=C=Y + M-L 
"C-Z 
X 
M ,C-L (bidentate coordination) 
Y 
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The reverse reaction, de-insertion or elimination, may also occur: 
Ζ 
I 
X=C-YR «- X=C=Y + R-Z 
Reactions of this type are presented in Chapter IV. 
If a hetero allene molecule is coordinated side-on to a transition 
metal, the nucleophilicity of X increases considerably and X becomes more 
susceptible to electrophilic attack. A special case of c^  presents itself 
when the reactant R-Z is another X=C=Y molecule. The electrophilic С atom 
of the second X=C=Y will react with the endocyclic nucleophile of the 
C=Y 
M ^ | entity. Thus a dimerisation of the two hetero cumulenes takes 
X 
place, which may lead to various products, the nature of which mainly 
depends on X and Y. Seen from the metal, this reaction can be viewed as an 
insertion of X=C=Y in the M-X bond. 
.Y Y 
S il 
'Y ^ c ^ x 
| + X=C=Y —«- M | 
Reactions of this type as well as the mechanisms are discussed in Chapter 
VI. 
5. Hetero ally Is 
θ 
The allylic anion С H R has a 4-electron-3 centre ir-system. In many 
allyl metal compounds the transition metal is about equidistant from the 
three allylic carbon atoms (trihapto or η -coordination). The metal-to-
ligand bonding is considered to be caused by the interaction of metal 
orbitals with the ligand π-orbitals (it-allyl compounds) . 
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H 
\ 
R — С . Θ 
Ч-н 
/ H 
coordinat ion /
 H
^ / 
I 
M 
Apart from this class, metal-allyl compounds are known, in which only one 
carbon is bonded to the metal (η -coordination) via a σ-orbital of the 
ligand (σ-allyl compounds). A localised π-bond exists between the 
Η 
\ H2 
,C — Η ^ с z Η 
// coordinot ion M \ / 
R — С ι Θ • C = C 
4- / \ 
С — H R H 
/ 
H 
two non-coordinated carbon atoms. 
On substitution of the two CH- groups by iso-electronic hetero 
functions X and Y (X, Y = S, NR or O), hetero allyls [X-C(R)-Y]e are 
obtained, still having a 4-electron-3 centre TT-system. Now, however, 
bidentate coordination by X and Y occurs. The metal is situated in the 
plane, determined by X, С and Y : 
, X / X . 
// coordinat ion // \ „ 
R O © " R C' M 
Ν
γ Y 
The preference for in plane or out of plane (η ) coordination is not yet 
understood, but may be explained in terms of stenc hindrance. 
To this type of ligands belong the deprotonated anions of (thio)-
carboxylic acids, (thio) amides, (thio) ketones and amidmes, as well as 
species like [ph Ρ (S) С (S) NR]eand [Ph P(0)C(S)NR] , the syntheses and 
properties of which are described in Chapter II and the coordination of 
which is discussed in Chapter III. 
Upon further substitution of R by a hetero group Ζ (Z = PR-, SR, NR 
or OR) compounds [x-C(Z)-Y] result. The geometry of these ions in many 
complexes, Ζ being in plane with X, С and Y, shows that the ir-electron 
system is extended to Z, resulting in 6-electron-4-centre π-bonding in the 
l igand. 
X X 
4' coordinat ion // \ 
Ζ z^c^ Θ Ζ — С ' M 
Y Y 
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The well-known dithiocarbamato, (thio)xanthato and (thio)ureido 
complexes are of this category. 
In the Z=PR substituted allyls, we describe in this thesis, the 
phosphme part of the allyl has so much affinity for the metal that it is 
preferentially bonded to the metal, forcing X (or Y) out of the coordina­
tion. The R groups of PR are turned out of the plane, determined by X, С 
and Y, so the ir-interaction between С and PR is broken. The π-bond is 
localised between С and the non-coordinating hetero atom. This mode of 
coordination resembles the σ-allyl coordination. 
Ζ — Ο Θ 
4 Y 
X Y 
coordination / \ / \ 
• Y = C M or X = C M 
There is only one example so far of an η coordinated pseudo allyl 
[61] : 
Although there is no complete coherent ir-skeletal resemblance with 
the original allyl anion, these derivatives are still called hetero- or 
pseudo allyls for classification reasons [100]. 
These compounds are prepared m two ways. Either by reaction of 
θ θ θ 
Ph Ρ , Ph PS and Ph PO with X=C=Y (according to reaction a, discussed in 
Chapter 1-4) or by direct addition of Ph P-Η, Ph P(S)-H, Ph P(0)-H and 
R9N-H to the C=N couble bond of the hetero cunulene molecule (according to 
reaction C, Chapter 1-4). The syntheses and properties of the phosphorus-
-containing compounds, a number of which was not reported before, are 
given in Chapter II. 
The hetero allyl compounds, studied in this thesis, are shown below 
(the anionic forms are given) : 
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P h ^ P — C i θ 
2
 \ 
P h 2 P - \ θ 
-
R^N — C i θ 
2
 \ 
NR 
// 
P h ^ P — С ι θ 
2
 \ 
P h Ρ — С <
ν
 θ 
S 
0 NR 
Il // 
Ph Ρ — с і
ч 
S 
NR 
// 
R 2 N ^ C ^ θ 
S 
Ph, 
P h 
г ~-
s 
II 
2 P -
NR 
// 
С ι θ 
NR 
/Г 
- C l θ 
NR 
-
-
/<0 
Ph Ρ — С " θ 2
 4-
NR 
S 0 
Il // 
Ph P — С і
ч
 θ 
2
 V 
NR 
0 , 0 
Il // 
P h „ P — C i θ 
2
 ч> 
NR 
-
As noticed above these hetero allylic derivatives have three hetero 
atoms with coordinating properties. These compounds, used as ligands, are 
ambidentate, since different modes of coordination are possible. A study of 
the preference of coordination of the various hetero atoms in rhodium- and 
indium-complexes of these ligands as well as of the properties of these 
complexes with emphasis on the Ρ NMR parameters, is reported in Chapter III. 
The possible modes of coordination for the ligand [Ph PC(S)NR] are 
more closely investigated (see Chapter V ) . In addition to the modes ¡ì 
and b it has been established that the ligand can also coordinate by all 
three hetero atoms (c). 
Ph, 
M C=NR 
S 
(α) 
Il / 
M — Ρ — С — Ν 
Ph, V 
(Ь) 
Ph, 
Ph f — 4 
(с) 
2 η coordination by 
Ρ and S generally 
observed 
η coordination by 
Ρ for the protonated 
ligand 
2 η -μ-η coordination 
by (S, N) and Ρ 
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In some of the Rh(I) hetero allyl phosphine complexes the 
Rh[x-C(Z)-Y] chelate ring is not stable, which may cause the hetero allene 
fragment X=C=Y to eliminate. These de-insertion reactions together with 
their products are dealt with in Chapter IV. 
Chapter VII describes the syntheses and electrochemical properties of 
Rh(III)-bis- and -tris hetero allylic complexes, prepared either by ligand 
substitution starting from Rh(III) compounds or by oxidative addition 
starting from Rh(I) hetero allylic complexes. 
6. Survey of the chemistry of the hetero compounds 
Schemes 1-7 show a rough survey of the products derived from X=C=Y and 
of reactions of these compounds. Each time one X atom is removed or added. 
These reactions may proceed either via direct abstraction of X from or 
attachment of X to a hetero derivative or via a process, in which two 
entities are involved, e.g. dimerisation, followed by disproportionation. 
As often one of the hetero atoms still has a lone pair of electrons 
available also the alkylation products of the various compounds are in-
cluded. Moreover, the chemical properties of the alkylated compounds show 
a striking resemblance to the behaviour of the non-alkylated species. 
It is noteworthy that, in comparison with N and 0, S takes a more 
important position in the whole of this field of chemistry (Schemes 1 and 
2). In the type of reactions under discussion, sulfur, more readily than 
nitrogen of oxygen, takes part in bond-formation or bond-cleavage. This, 
in combination with the generally better coordinating properties towards 
transition metals, both in high and in low oxidation states, gives rise to 
a rich variegation of reactions, in which sulfur is directly involved. 
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CHAPTER II 
THE REACTIONS OF HETERO ALLENES R-N=C=X (X=S, NR,0) WITH PHOSPHINE 
DERIVATIVES, CONTAINING A P-Η BOND. 
D.H.M.W. Thewissen and H.P.M.M. Ambrosius 
(Recueil des Travaux Chimiques des Pays-Bas, accepted for publication) 
SUMMARY 
Phosphine derivatives containing a P-Η bond can add to the C=N double 
bond of a hetero allene molecule RN=C=X. Ph PH gives Ph PC(X)NHR (X = 
0,S : R = Ph; X = Np-tol : R = p-tol), су-С
л
Н.„PH. gives 
oil ¿. 
су-С
л
Н,.PfCÍXÍNHPh]. (Χ = 0,S) and Ph„P(Q)H gives Ph.P(Q)C(X)NHR (Q = О : 
bil ¿ ¿ ¿ 
X = S and R = Ph; Q = S : Χ = О,S and R - Ph, X = Np-tol and R = p-tol). 
We report the preparation of the new compounds Ph PC(Np-tol)NHp-tol, 
Ph Ρ(S)С(Np-tol)NHp-tol, Ph Ρ(О)С(О)NPhC(О)NHPh, cy-C Η Ρ[С(S)NHPh] 
and cy-C.-H. ,P[c(0)NHPh] .. 
bil ¿ 
INTRODUCTION 
In 1959 Buckler reported the first reaction of a phosphine with 
hetero allene molecules [l]. Phosphine, PH , adds to the C=N double bond 
of isocyanates, resulting in compounds that contain a PC(0)NHR moiety. 
Van der Gen [2] and Issleib et al. [3] investigated the reactions of 
isocyanates and isothiocyanates, respectively, with secondary phosphines, 
leading to compounds of the type R'PC(X)NHR (X = 0,S, R,R' = alkyl, aryl). 
Ojima et al. [4] reported the reaction of isothiocyanates with secondary 
phosphine-oxides and -sulfides, resulting in R'P(Q)C(S)NHR (Q = 0,S; 
R',R = alkyl, aryl). 
The compounds mentioned above have interesting coordinating 
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properties towards transition metals [5,6]. In the reactions with transi­
tion metals the breaking of the N-H bond plays in important role. To 
extend the scope of these reactions we prepared the compounds 
R PC(NR)N(H)R and R Ρ (Q) С (NR) N (H) R (Q = 0,S) starting with the hetero 
allene carbodiimide and secondary phosphines, phosphine sulfides and 
phosphine oxides. 
Nifantév and Shilov [7] reported the comparable compound 
К,.ЫР(0)С(Н-Су-С,.Н, )N(H) {Cy-CAl, , ) (R = Me, Et) which was formed in a 
Ζ oll oll 
Grignard reaction between (R N) P(0)H and dicyclohexyl carbodiimide. 
We report here about the synthesis of the desired compounds from 
carbodiimide and secondary phosphines. We also investigated the reactions 
of other hetero allenes with primary phosphines. 
RESULTS ÄND DISCUSSION 
The reaction of W,N'-di-p-tolyl carbodiimide with Ph PH and Ph P(S)H 
results in the formation of the novel compounds Ph PC(N-p-tol)NHp-tol 
(3) and Ph P(S)C(Np-tol)NHp-tol (6). That the phosphorus is C-bonded to 
carbodiimide is concluded from the presence of a N-H stretching frequency 
in the IR spectra [3: 3407 cm" (s), 6: 3252 cm" (s)] and an N-H 
resonance in the Η NMR spectra [3: ό(Ν-Η) = 6.35 ppm; 6: S(N-H) = 9.49 
ppm]. 
N-p-tol 
II /H 
Ph P-H + p-tol-N=C=N-p-tol Ph P-C-N 
Ρ 
'p-tol 
(3) 
N-p-tol 
II II /H 
Ph P-H + p-tol-N=C=N-p-tol • Ph P-C-N (6) 
| Xp-tol 
Ph P(0)H reacts with an excess of PhNCO to yield Ph Ρ(O)C(O)NPhC(O)NHPh 
(7). Similar reactions, in which the phosphorus derivative reacts with 
two hetero allene molecules, have been reported by Issleib et al. [3]. 
The primary phosphine, cy-C
c
H .PH0, reacts with isocyanate and 
oil / 
isothiocyanate under formation of су-C Η .PfCfXlNHPh] (X = S,0), m 
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Table I. IR absorptions in cm (measured in Csl pellets) 
H and P{ H} NMR chemical shifts (measured in C.D- solution) 
D 6 
No. Compound VN-Η VC=N vC=X vP=Q ÓN-H 1SCH3 éP 
1. Ph PC(S)NHPh 3308 s 1525 vs 985 m - 8.66 -17.16 
2. Ph PC(0)NHPh 3260 br,s 1532 s 1624 s - 10.91 -10.80 
3. Ph PC(=Np-tol)NHp-tol 3407 s 1507 vs 1612 vs - 6.35 2.05 -14.73 
4. Ph P(=S)C(=S)NHPh 3155 s 1533 vs 981 s 639 vs 12.13 -44.85 
5. Ph P(=S)C(0)NHPh 3300 br,s 1558 vs 1632 vs 635 vs 10.22 -29.75 
9. 
10. 
3308 
3260 
3407 
3155 
3103 
3252 
3290 
3170 
3085 
3150 
3260 
Ξ 
br, 
Ξ 
S 
S 
 
VS 
VS 
s 
br, 
br, 
br, 
,s 
, VS 
,vs 
,vs 
1525 
1532 
1507 
1533 
1511 
1526 
1522 
1552 
1495 
1527 
vs 
s 
VS 
VS 
VS
VS 
VS 
VS 
VS 
br,vs 
vs 
985 m 
(vC=S)
1624 s 
(\)C=0)
1612 vs 
(vC=N) 
981 s 
(VC=S) 
(VC=N) 
1627 vs 
(VC=N) 
1637 vs 
(VC=0) 
1010 vs 
(vC=S) 
975 vs 
(VC=S) 
1637 vs 
(VC=0) 
— 
— 
— 
639 vs 
615 s 
(VP=S) 
(vP=S) 
641 vs 
611 s 
(VP=S) 
1170 vs 
(VP=0) 
1180 vs 
(VP=0) 
-
— 
8.66 
10.91 
6.35 
12.13 
12.27 
9.49 
9.87 
12.36 
12.45 
11.22 
9.11 
9.18 
6. Ph P(S)C(Np-tol)NHp-tolC vs vs 1.88 -36.19 
7. Ph P(0)C(0)NPhC(0)NHPh vs vs -10.78 
8. Ph P(0)C(S)NHPh vs vs -17.34 
Су-C H P[c(S)NHPh] v vs  -23.61 
v
Cy-C
r
m,.P[c(0)NHPh]„ v - -16.95 
o l í ¿ , „
Λ
ι η *,-, 
Η NMR values in ppm relative to TMS (internal standard). P{ H} NMR δ values in ppm relative to 
с 
0=Ρ(ΟΜβ)
Ί
 (TMP), using the deuterated solvent as internal lock; upfield = +. IR spectrum measured in 
CH-C12 solution. 
which two hetero cumulenes are C-bonded to phosphorus. 
The spectral parameters, given in Table I, confirm the structure as 
shown below: 
cy-C 6H 1 1PH 2 + 2Ph-N=C=X — • * cy-C 6H 1 1P 4 ^ 
•H 
C-N; 
II 
χ 
(9) X = S 
(10) X = о 
This primary phosphine did not react with N, W-di-p-tolyl carbodi-
imide to cy-C
r
H,,P[C(Np-tol)NHp-tol]„. 
1 31 1 
The IR absorptions and the H and P{ HÏNMR parameters of the com-
pounds studied are given in Table I. 
We have investigated the behaviour of the compounds 1, 2, 3, 4 and θ 
in reactions with low valent metal complexes [8,9]. In these reactions 
the compounds undergo N-H bond breaking, the ease of which is related to 
the strength of the N-H bond. In the reaction with Rh(I) phosphine 
complexes 8 shows spontaneous N-H bond breaking, 3 demands utilization of 
a strong base (n-Bu-Li), whereas 1, 2 and 4 react under mild basic con­
ditions. Based on these reactivities we can draw up an order with respect 
to the strength of the N-H bond. This order corresponds fairly well to the 
sequence of the values of v(N-H) in the IR spectra and of δ(N-H) in the 
Η NMR spectra of compounds 1-10 from which we derive that ν(N-H) and 
δ(N-H) are suitable parameters for the N-H bond strength, as is shown in 
Figure 1. 
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зэоо 
3200 
3100 
itrong Ν Η bond 
moderate Ν-Η bond 
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Figure 1. Correlation between δ(N-H) and ν(N-H) of the 
compounds 1-10. Approximately three areas can 
be recognised, indicating the strength of the 
N-H bond. 
EXPERIMENTAL 
Apparatus: IR spectra were recorded on a Perkin-Elmer 283 spectro­
photometer (4000-200 cm ) in Csl disks. Η NMR spectra were measured on 
a Bruker WH-90-FT spectrometer at 90 MHz and P{ H}NMR spectra on a 
Vanan XL-100-FT spectrometer at 40.5 MHz. C, Η and N analyses were 
carried out at the microanalytical department of this university. 
Ph.PH, су-С
г
Н,,РН_ and p-tol-N=C=N-p-tol were commercially available. 
ζ b 11 ζ 
Ph P(S)H [10] and Ph„P(0)H [11] were prepared according to literature 
procedures. 1 [3], 2 [4], 5 [2] and 8 [4] were prepared as described in 
the literature. 
Ph PC(N-p-tol)NH-p-tol (3) 
0.05 mol p-tol-N=C=N-p-tol and an equimolar quantity of Ph^PH were 
heated without solvent at 60 С during 4 h under nitrogen. The white 
solid was recrystallised from ethanol. Yield: almost quantitative. 
Analysis: Found %C: 79.35; %H: 6.16; %N: 6.69. 
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Caled.: %C: 79.39; %H: 6.17; %N: 6.86 (m.p.:172 C). 
Ph P(S)C(N-p-tol)NH-p-tol (6) 
0.05 mol p-tol-N=C=N-p-tol and an equimolar quantity of Ph Ρ(S)H were 
dissolved m 30 ml oxygen-free benzene and refluxed during 4 h. After 
cooling the solution was evaporated to dryness. The remaining oil was 
chromatographed over silica using CH CI as eluens. Upon crystallisation 
from ethanol no crystals could be obtained. 
Ph P(0)C(0)NPhC(0)NHPh (7) 
0.05 mol Ph P(0)H and an excess of PhN=C=0 were stirred without solvent at 
room temperature during 4 h under nitrogen. The yellow solid was recrys-
tallised from ethanol. Yield: 90%. 
Analysis: Found %C: 70.28; %H: 5.21; %N: 6.45. 
Caled. %C: 70.91; %H: 4.81; %N: 6.36 (m.p.: 157.5 0 C ) . 
cy-C6H11P[c(S)NHPh]2 (9) 
0.05 mol cy-CgH.jPH and 0.10 mol PhN=C=S were heated without solvent at 
50 С for 4 h under nitrogen. The yellow solid was recrystallised from 
ethanol. Yield: 60%. 
Analysis: Found %C: 62.15; %H: 6.09; %N: 7.34. 
Caled. %C: 62.15; %H: 6.00; %N: 7.25 (m.p. 107.5 0 C ) . 
cy-C6H11P[C(0)NHPh]2 (10) 
A mixture of 0.05 mol cy-CgH .PH. and 0.10 mol PhN=C=0 was heated without 
solvent at 50 С for 4 h under nitrogen. The yellow solid was recrystal­
lised from ethanol. Yield: 60%. 
Analysis: Found %C: 67.58; %H: 6.52; %N: 7.72. 
Caled. %C: 67.67; %H: 6.54; %N: 7.90. 
In this thesis we have also used three other hetero allyls, namely 
[Me NC(S)NPh]_, [pipC(S)NPh]~ and [R NC(S)S]~. 
Me NC(S)NHPh ana pipC(S)NHPn were prepared via direct addition of Me rth 
and pipendine, respectively, to Ph-N=C=S. 
Me NC(S)SNa and Et NC(S)SNa were commercially available, whereas 
Bu NC(S)SNa was prepared in situ, by interaction of CS with Bu NH and NaOH. 
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CHAPTER I I I 
*. RHODIUM(I)- AND IRIDIUM(I)-PHOSPHINE COMPLEXES OF 
HETERO-ALLYLIC LÍGANOS OF THE TYPE [Ph2PC(X)NR]- (X = S, NR, O) 
AND [Ph2P(Q)C(S)NR]- (Q = S, O). SYNTHESIS AND 3IP-NMR 
D H M W THEWISSEN **, Η Ρ M M AMBROSIUS, H L M VAN GAAL and 
J J STEGGERDA 
Department of Inorganic Chemistry, Catholic University, Toemooweld, 6525 ED Nijmegen 
(The Netherlands) 
(Received November 12th, 1979) 
Summary 
Some known and new hetero-allyhc derivatives [PhjPCÍXJNR]" (X = S, NR, 
O) and [Ph2P(Q)C(S)NR]" (Q = S, O) have been shown to react with rhodium(I)-
and iridium(I)-phosphine compounds to give stable complexes MiPPhjJjtPhiPC-
(X)NR] (A) and MÍPPh^^PhjPÍQÍCÍXÍNR] (В) (M = Rh, Ir) in which the 
ligands are bidentate. P, S(P) and O(P) are always coordinated and the coordina­
tion preference of the other atoms is S > NR > O. 
A and В react with carbon monoxide to give M(PPh3)(CO)[Ph2PC(X)NR] and 
M(PPh3)(CO)[Ph2P(Q)C(S)NR], respectively, in which CO is preferentially found 
trans to the chelate donor atom with the lowest trans-influence 
A correlation between v ^ R h - P , ) X '«/(Rh-Pj) and 2 J(P,-Р,)
с
„ of 0 946 
was found; an even better correlation with г = 0.988 gave the equation: 2J(Pi— 
P 2 ) e l s = 0.43 V ^ h - P j x ^ R h - P j ) - 0.072 I '«/(Rh-Pi) - '«/(Rh-P,)! -
30.8 Hz. A similar correlation was shown by a number of asymmetric cis-Pt0-
bis-phosphine (rçMigand) complexes and trans- and cis-WLL'-(CO)4 complexes 
reported in the literature. 
Introduction 
By addition of Ph,P—H or Ph2P(Q)—H (Q = S, O) to the hetero-allene mole-
cules S=C=NR (R = Ph, Me),p-tolN=C=Np-tol and 0=C=NPh, hetero-allyhc 
* For part I see ref 1 
* ' Present address О С Ι , Τ N О , Croesestraat 79, Utrecht, The Netherlands 
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R 
f 
N 
\ 
Θ , C-PPh2 
s 
p-tol 
/ N 
л 
Θ C-PPh-, 
/ 2 
N 
"p-tol 
0 
-,\ 
Θ C - P P h , 
/ 2 
N 
Vh 
Ph P h 
/ / N S N 0 
л
\ и Л II 
Θ C-PPh, Θ '.C-PPh, 
/ 2 .1 2 
S s 
LI R = Ph L U I LIV LV LVI 
LH R=Me 
Kig 1. The ambidentate helero-allyhc chelating hgands [X—C(Z)—Y]~, used in this paper: LI, P.P-diphenyl 
JV-phenyl-phosphinothioformamido, Lil, /'.P-diphenyl-jV-mcthyl-phosphincthioformamido; LUI, P,P-
diphenyl-N'.A/'-di-p-tolyl-phosphinofürmamidmatii.LIV. P.P-diphenyl-.V-phenyl-phosphinoformamido; LV. 
F.^-diphenyl-N-phenyl-thiophosphinylthioformamido- LVI, P^-diphenyl-.V-phenyl-phosphinylthioforma-
mido. 
derivatives result with the general formula Ph;PC(X)NHR (X = S, NR, O) and 
Ph:P(Q)C(S)NHR (Q = S, O). The synthesised ligands are shown in Fig. 1 in 
their deprotonated forms. 
These ligands are ambidentate, because of the presence of three hetero atoms 
with coordinating properties. The mode of coordination of the ambidentate 
ligands can be determined by means of IR and '"P NMR spectral parameters. 
Gal et al. 12,3] reported the complexes Rh(PPh,)2(LI) and RhtPPhO^LVI). 
LI was found to coordinate to rhodium through Ρ and S, giving a four-membered 
chelate ring complex, whereas LVI coordinated through O(P) and S, resulting in 
a five-membered chelate ring complex. 
Experimental 
IR spectra were measured on a Perkin-Elmer 283 spectrophotometer (4000— 
200 cm"1), in Csl pellets. -"PI'H} NMR spectra were recorded on a Varían XL-
1000 FT spectrometer at 40.5 MHz, using the deuterated solvent as internal 
lock. Solutions for NMR measurements were prepared in a glove-box. 
C, Η and N analyses were carried out at the microanalytical department of 
this university. Analytical data are given in Table 1. 
Reactions were carried out at room-temperature in analytical grade solvents 
under nitrogen. 
RhCUPPhj), [4], [ІгСЦСН,.,),]: [5], Ph,PC(S)NHR (R = Ph, Me) [6], Ph,PC-
(Np-tol)NHp-tol [7], Ph,PC(0)NHPh [81, Ph;P(S)C(S)NHPh and Ph,P(0)C-
(S)NHPh [9] were prepared according to literature procedures. 
Rh(PPh})2[X-C(Z)-Y] (Ha, IVa, Va) 
0.3 mmol of the protonated ligand was added to a solution of 0.3 mmol RhCl-
(PPhjJj in 20 ml benzene. After 20 minutes a small excess of Et3N was added 
and after 12 hours the EtjN · HCl was filtered off. The complex was precipitated 
with n-hexane, filtered off, washed with ethanol and diethyl ether, and dried 
in vacuo. [ Ή NMR Па: т(Ме) 7.00 ppm (s), 7.23 ppm (s)]. 
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Rh(PPhj)2[Ph2PC(Np-tol)Np-tol] (Illa) 
The initial red solution from 0.3 mmol RhClíPPhj), and 0.3 mmol Ph2PC-
(Np-tol)NHp-tol in 20 ml benzene changed to orange-red upon addition of an 
equimolar amount n-BuLi. The complex was precipitated with n-hexane, filtered 
off, washed with ethanol and diethylether and dried in vacuo. [ Ή NMR: 7(Me) 
8.16 ppm (s), 8.22 ppm (s)]. 
Ir(PPh,)2[X-C(Z)-YJ (Vila, IXa, Xa, XIa) 
To a solution of 0.15 mmol [ ІгС1(С
я
Н
ы
)
:
] 2 and 0.6 mmol РРЬз in 30 ml 
benzene 0.3 mmole of the protonated ligand was added. After 20 minutes a 
small excess Et,N was added. The initial red colour changed in three hours to 
yellow. After removal Εί,Ν · HCl by filtration the complex was precipitated 
with n-hexane, filtered off, washed with small amounts ethanol and diethylether, 
and dried in vacuo. 
Ir(PPh})2[Ph2PC(Np-tol)Np-tol] (Villa) 
This complex could n o t be isolated. On addition of an equimolar amount 
n-BuLi to a solution of 0.15 mmol [I rCl(CeH M ) ; ] 2 , 0.6 mmol PPhj and 0.3 mmol 
Ph2PC(Np-tol)NHp-tol in 30 ml benzene, Villa was formed, as could be proved 
by IR measurements of the reaction-mixture. However, Villa was not stable and 
a subsequent elimination of p-tolN=C=Nz7-tol occurred, as will be described else­
where [10] . 
ANALYTICAL DATA 
(Theoretical values in parentheses) 
N o . 
IIa 
Ilia 
I Va 
Va 
Ъ 
Vi la 
ІІЬ 
IXa 
Xa 
хь 
XIa 
ХІЬ 
C o m p o u n d 
Rh(PPh3)2[Ph2PC(S)NMe] 
RhCPPhjh [ Ph2PC(Np-tol)Ní>-tol] 
R h ( P P h 3 ) 2 [ P h 2 P C ( N P h ) 0 ] 
Rh(PPh3)2[Ph2P(S)C(S)NPh] 
R h ( P P h i ) ( C O ) [ P h ¿ P ( S ) C ( S ) N P h ] 
Ir(PPh3)2[Ph2PC(S)NPh] 
Ir(PPh3)(CO)[Ph2PC(S)NPh] 
I r ( P P h 3 ) 2 [ P h 2 P C ( N P h ) 0 ] 
Іг(РРЬз)2 [Ph2P(S)C(S)NPh] 
Ir(PPh3)(CO)[Ph2P(S)C(S)NPh] 
I r ( P P h 3 ) 2 [ P h 2 P ( 0 ) C ( S ) N P h ] 
Іг(РРЬз)(СО)( P h 2 P ( 0 ) C ( S ) N P h ] 
colour 
ye l low 
yellow-orange 
yellow-orange 
yel low 
orange 
yellow-brown 
orange 
yel low-brown 
yellow-orange 
ye l low 
ye l low 
ye l low 
Found (caled.) (%) 
С 
6 7 . 9 
( 6 7 . 4 ) 
72.1 
( 7 3 . 1 ) 
6 9 . 0 
( 6 8 . 5 ) 
6 8 . 2 
( 6 7 . 4 ) 
6 0 . 4 
( 6 1 . 2 ) 
6 4 . 0 
( 6 3 . 7 ) 
55.7 
( 5 6 . 9 ) 
6 2 . 1 
( 6 4 . 7 ) 
6 0 . 2 
( 6 1 . 8 ) 
5 7 . 0 
( 6 4 . 7 ) 
6 2 . 6 
( 6 2 . 7 ) 
5 6 . 0 
( 5 5 . 7 ) 
Η 
5.2 
(5 .0 ) 
5.4 
( 5 . 3 ) 
5.2 
( 5 . 3 ) 
5.0 
(4 .6 ) 
4.1 
(4 .1 ) 
4.7 
(4 .4 ) 
4.1 
( 3 . 8 ) 
4.9 
( 4 . 4 ) 
4.5 
( 4 . 2 ) 
3.9 
( 3 . 6 ) 
4 .3 
( 4 . 3 ) 
4.0 
( 3 . 7 ) 
Ν 
1.7 
( 1 . 6 ) 
2.5 
(2 .7 ) 
1.5 
( 1 . 6 ) 
1.3 
( 1 . 4 ) 
2.0 
( 1 . 9 ) 
1.3 
( 1 . 4 ) 
1.8 
( 1 . 7 ) 
1.5 
( 1 4 ) 
1.4 
( 1 . 3 ) 
1.5 
( 1 . 7 ) 
1.2 
( 1 . 3 ) 
1.5 
( 1 . 7 ) 
yield (%) 
7 5 
7 0 
7 0 
7 0 
8 5 
7 0 
7 5 
4 5 
4 0 
3 5 
4 0 
3 5 
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M(PPh3)(CO)[X-C(Z)-Y] (Vb, Vllb, Xb, Xlb) 
On passing CO through a solution of 0.3 mmol M(PPh3) ;[X-C(Z)-Y] in 30 
ml benzene the colour of the reaction mixture rapidly changed from yellow to 
orange-yellow. Dilution with n-hexane and cooling gave an orange or yellow pre­
cipitate. 
The analogous complexes IHb, IVb, VHIb and IXb could not be prepared. 
Ilia, IVa and IXa reacted differently with CO [10]. Yields are given in Table 1. 
The Ir complexes were more difficult to obtain and were much less stable than 
the Rh analogs. 
Results and discussion 
Reactions and products 
The Rh1 and Ir1 complexes M(PPh1)2[X—C(Z)—Y] can be prepared either by a 
metathetical substitution using the Li salts of the ligands or by means of a Ν—H 
bond breaking reaction activated by a base, e.g. EtjN. 
The complex IrI,I(H)(Cl)(PPh3),[Ph2PC(S)NPh] is one of the products of the 
reaction between [ІгСЦСНцЬЬ.РРІЪ and Ph2PC(S)NHPh without addition of 
EtjN. This indicates that the Ν—H bond breaking is an oxidative addition reac­
tion. The Ν—H bond breaking does not occur with Ph2PC(Np-tol)NHp-tol. Prob­
ably this ligand is not sufficiently acidic to give a facile Ν—H bond breaking. 
[ІгС1(С8Ны)2]2 reacts with [Ph2PC(Np-tol)Np-tol]-Li* to give the intermediate 
{Ir(PPh3)2[Ph,PC(Np-tol)Np-tol]}, as can be observed from the IR spectrum of 
the reaction mixture. A subsequent elimination reaction occurs, and this will be 
discussed later [10]. 
The carbonyl complexes of the type М(РРЬэ)(СО)[Х—C(Z)—Y] can be prep­
ared by passing CO through a solution of М(РРЬз)2[Х—C(Z)—Y] one phosphine 
being replaced by CO. In the case of Rh(PPh3)2[Ph,PC(Np-tol)Np-tol] and 
M(PPh3)2[Ph2PC(0)NPh], however, a second reaction takes place [10]. This sub­
sequent elimination also occurs to some extent in the reaction of Іг(РРЬз)2-
[Ph2P(S)C(S)NPh] and Ir(PPh3)2[Ph2P(0)C(S)NPh] with CO. The occurrence of 
this second reaction may explain the fairly low yields in the syntheses of both Ir 
complexes. 
2 PPKj „ __. Ph,P-C-N 
' '2 Ir Ir —•*—» Ir il/ ч / N I / \ 
« CI " PKjP CI 
PPh, Et,N Et,NHCI 
Ph 
H І / Р ^ 
Ir C = N P h 
c i ' l ^ s ' 
ч / , ^\лг 
/ N / PhjP S 
Ph, 
NPh 
PPhj 
v I r - H ^ 1 7 5 e m ~ 1 ( m ' 
Fig. 2. Formation of Ir(PPh3)2[Ph2PC(S)NPh] from ІгС1(РРЬз)2(СвН14) and PhjPCtSjNHPh via an oxida­
tive addition reaction. 
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IR spectra and mode of coordination 
Table 2 shows the relevant absorptions in the IR spectra between 2000 and 
500 cm"'. In these complexes a strong absorption can be attributed to a normal 
mode having ^(С—E) of the exocyclic C=E band as the main component [11— 
14]. Two regions are found for this absorption: 1500—1575 cm"', attributed to 
KC^N), and 1620-1640 cm"1, assigned to ^ C ^ O ) . This establishes for all 
complexes the mode of bidentate coordination of the ambidentate ligands. 
Coordination by Ρ and S is observed for the complexes of [Ph2PC(S)NR]" 
(R = Ph, Me). The ligand [Ph;PC(Np-tol)Np-tol]" is obviously coordinated by 
Ρ and N. For the complexes of [Ph2PC(X)NRr (X = S, NR) i'(C-N) is found in the 
region 1547-1575 cm"1, whereas the complexes of lPh2PC(NPh)0]" have KO-E) 
at about 1620 cm"1, which is assigned to у(ОЮ). Therefore [Ph:PC(NPh)0]" is 
coordinated by Ρ and N. 
The ligands [Ph2P(Q)C(S)NPh]- (Q = S, O) have ^(C-N) in the region 1509-
1533 cm"1 and form five-membered chelate rings as is also indicated by the 
values of i>(P=Q). In the spectra of M(PPhj)(L)[Ph2P(S)C(S)NPh] (M = Rh, Ir 
L = PPhj, CO) new absorptions of medium intensity are observed in the region 
602—625 cm"1 and of strong intensity between 512—520 cm"1. These absorp­
tions are assigned to ^(P=S). For complexes of the ligand R2P(S)CSS" i>(P=S) 
was reported in the range 580—610 cm"1; for Pd[Ph;P(S)C(S)S]2 i'(P=S) was 
assigned at 601 cm"1 [15], and Zn[Cy2P(S)C(S)S]2 at 597 cm"1 [16]. In com­
plexes of the ligand R2PS" and R2PHS i;(P=S) was assigned at 520 cm"1 for [Mn-
(0Ο),(μ-Με:Ρ8)]2 [22], and at 495 cm"1 for Mo(CO)s(SPHMe2) [23]. i>(P=0) 
decreases 45—50 cm"1 on complexation. The mode of coordination to form a 
five membered chelate ring complex was already established for [Ph2P(0)C-
(S)NPh]- [2]. 
i>(PCS) is observed from 920—930 cm"1 for the four ring complexes, whereas 
the five ring compounds exhibit i'(PCS) in the region 952—970 cm"1. 
In the carbonyl complexes the C^O absorptions are observed from 1950— 
1987 cm"1, which is normal for four coordinate Rh and Ir complexes. The value 
of u{CO) is somewhat higher for the Rh complex than for the analogous Ir com­
pound. 
Summarising, we have found that P, S(P) and O(P) are always coordinated 
and that the coordination preference of the other groups is S > NR > O. 
3 1
Ρ NMR spectra and correlation between coupling constants 
The measured '"Pi Ή} NMR parameters are given in Table 3. The values are 
not corrected for higher order effects. The spectra of Rh(PPhj)2[Ph2PC(Np-
tol)Np-tol] and Rh(PPh3)2[Ph2P(S)C(S)NPh] are shown in Figs. 3 and 4, respec­
tively. 
Assignments are as given in Table 3. All the complexes contain two РРЬэ 
ligands c/s to each other. As observed by Gal et al. for five of the complexes [2], 
the РРЬз group with the highest value of •«/(Rh—Ρ), i.e. the phosphine trans to 
the hetero atom with the lowest irons-influence, is displaced by a π-acceptor 
ligand such as CO. In the four-membered chelate ring complexes the phosphine 
irons to the hetero atom S or NR is displaced by CO, whereas in Va and Via the 
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TABLE 2 
IR A B S O R P T I O N S ( c m - 1 ) 
Complex ^ С - О ) K C - E ) κ ( Ρ = Ζ ) v(P—C— S) y(N—Ph) 
la R h ( P P h j ) 2 [ P h 2 P C ( S ) N P h ] 
Ib Rh(PPh3)(CO)[Ph 2 PC(S)NPhJ 
Ha R h ( P P h 3 ) 2 [ P h 2 P C ( S ) N M e ] 
Illa Rh(PPh3) 2 [Ph 2 PC(Np-to l )Np-to l ] 
IVa R h ( P P h 3 ) 2 r P h 2 P C ( N P h ) 0 ] 
Va Rh(PPhj ) 2 [Ph_,P(S)C(S)NPh] 
Vb R h ( P P h 3 ) ( C O ) [ P h 2 P ( S ) C ( S ) N P h ] 
Via R h ( P P h 3 ) 2 [ P h 2 P ( 0 ) C ( S ) N P h ] 
VIb R h ( P P h 3 ) ( C O ) [ P h 2 P ( 0 ) C ( S ) N P h ] 
Vi la I r ( P P h 3 ) 2 [ P h 2 P C ( S ) N P h ] 
V l lb Ir(PPh3)(CO)[Ph 2 PC(S)NPh] 
V i l la Ir(PPh3) 2 [Ph2PC(Np-tol )Np-tol] a 
IXa I r ( P P h 3 ) 2 [ P h 2 P C ( N P h ) 0 ] 
Xa I r ( P P h 3 ) 2 [ P h 2 P ( S ) C ( S ) N P h ] 
Xb Ir(PPh3)(CO)[Ph 2 P(S)C(S)NPhJ 
Xla I r ( P P h 3 ) 2 [ P h 2 P ( 0 ) C ( S ) N P h ] 
Xlb I r(PPh3)(C0)[Ph2P(O)C(S)NPh] 
Spectra measured in Csl pellets ( α measured in benzene so lut ion) . 
197 5vs 
1087V3 
1980VS 
1955VS 
1951VS 
1947VS 
1 5 4 7 v s ( v ( C = N ) ) 
1 5 7 2 s ( l 4 C = N ) ) 
157 5vs(i '(C N) ) 
1 5 5 2 v s ( p ( C - N ) ) 
1 6 2 4 v s ( l ' ( C - 0 ) ) 
1 5 2 0 s ( l 4 C = N ) ) 
1 5 2 4 s ( f iC N » 
1 5 1 1 s (vCC-N)) 
1 5 3 3 s ( v ( C = N ) ) 
1 5 5 2 v s ( i ' ( C - N) ) 
1555vs( i ; (C - N » 
1562vb(v(C = N)) 
1 6 2 1 v s ( i ' ( C - 0 ) ) 
1 5 0 9 s ( K ( C - N ) ) 
1 5 2 9 s (l/(C=N)) 
1 5 1 2 s ( v ( C - N ) ) 
1 5 1 7 s ( K i C - N ) ) 
6 2 5 m (u(P-
6 1 2 m (i4P = 
6 1 0 m (p(P-
6 0 2 m M P -
S)) 
=S)) 
-s» 
-S)) 
5 2 0 s (WP-
5 1 5 s (ИР 
1 1 3 5 s ( K P -
1 1 3 0 s ( H P -
SI 5s (y(P-
5 1 2 s (l>(P-
1 1 3 2 s (y(P= 
1 1 4 0 s ( K P -
-s» 
s» 
= 0 ) ) 
- O » 
-s» 
-s» 
= 0 ) ) 
-o» 
9 2 5 w 
9 3 0 m 
9 2 7 m 
9 6 0 m 
9 5 2 m 
9 6 8 m 
9 6 8 m 
9 2 2 m 
9 2 0 m 
9 5 7 m 
9 5 1 m 
9 7 0 m 
9 6 5 m 
8 0 3 w 
8 0 3 w 
8 0 8 w 
7 9 8 w 
8 0 0 w 
8 0 2 m 
8 0 2 w 
8 0 1 m 
8 0 4 w 
8 0 6 w 
7 9 5 w 
8 0 0 w 
8 0 2 m 
8 0 3 w 
V ' W Í M 
Ρ P ^ 2 
1 ч /3\ 
Rh CN 
РГ Ν Ρ « 
¿
 p-'tol 
«I Ц» 
ppm 
- 5 0 -АО - 3 0 0 »10 
Fig 3 The ί 'Ρ { Ή } NMR spectrum of Bh(PPh3)2fPh2PC(Np-to])Np-tol] 
PPhj ligand irons to S(P) and O(P) is replaced. It is noteworthy that the spectrum 
of Va differs slightly from that of Via. The 2J(Rh—Q—P,) coupling is 3 Hz in 
Via and unobserved in Va, whereas the V(Pi—Rh—Q—Pj) coupling is unobserved 
m Via and 3 Hz m Va. 
Summarised, '«/(Rh—Ρ,) (ι = 1, 2) is observed in the range 164—202 Hz for the 
PPhj ligand that is substituted by CO, and 148—170 Hz for the phosphine which 
is not displaced, while '«/(Rh—Ρ,) for the ligand PPh2-group lies in the range 
102—124 Hz. 2J(P— P;)
c
,
s
 varies from 35 to 47 Hz in the Rh complexes and 
from 14 to 22 in the Ir analogues, whereas 2J(P2~Рз)сі« l s observed from 24 to 
36 Hz. 2J(P2—P3) t r a n s in the four membered chelate ring complexes is found from 
300-333 Hz for the Rh complexes and amounts to 340 Hz for Іг(РРЬз),[РЬ2РС-
(S)NPh]. 
There is an approximate linear relationship between 'J(Rh—P,) and 8(P,), the 
correlation coefficient being 0.844. Gal et al. have attributed such a relationship 
to the frons-mfluence of the various hetero atoms. 
It has been mentioned that variations in 'J(M—P) and V(P—P) are expected to 
parallel each other [17—19]. Indeed '«/(Rh—P,) and VíP,—P2)cli exhibit similar 
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NPh 
rwVwT 
-A5 -ДО 
Flg. 4. The 3 1 P { Ή } NMR spectrum of Rh<PPh3)2[Ph2P(S)C(S)NPh). 
3J(P-Rh-S-I=) 
w 
-35 PP-m. 
trends. Therefore, we have examined the correlations for the set of asymmetric 
complexes of the type Ші(РРЬз)2[Х—C(Z)—Υ] (Χ Φ Y) described in this paper 
and the related compounds reported by Gal et al. [2], assuming the same sign 
for all complexes (positive). 
Rti C = Z 
l</(Rh—P,) and ^(Р,—P2)C 1, gave a low correlation coefficient of 0.45. However, 
the correlation between the geometric mean V ^ R h — P ^ X './(Rh—Рг) and 
V(P,—Pj)CI, was 0.946, implying that ^(Р,—P2) is related to both of the 'J 
coupling constants. The relationship between VfP,— P;)
c
„ and VJÍRh— Pj X 
'./(Rh—P2) is plotted in figure 5 [x]. The plot reveals that 2J(P—P2L.. is also a 
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Fig. 5. Plot of ty?!—P2)r,s versus vA/dth-P!) X 'ДЯЬ-Рз) (Xl and of 2 Л Р і - Р 2 ) с 1 , + 0.072 I^Rh-Pi ) 
'•/(Rh—Pj) I versus v1J<.Rh—Pi) X './(Rh— Pj) [ c ] . Solid line calculated, using equation 1 in the form 
2J(Pl—P2)c¡8 + -I'-Wh—?!> — 'jfRh—P2)l = -N/1J(Rh—Pi) + './(Rh—P2) — с 
w i t h - =
 0 4 3 , - = 0.072 and с = 30 8 Hz. Complexes· 1, Rh(PPh3)2[Me2NC(S)NPh] , 2, НЬ(РРЬз)2-
[Ph2PC(S)S],3, Rh(PPh3)2tPh2PC(S)NPh],4, Rh(PPh3)2(Ph2PC(S)NMe],5, Rh(PPh3)2[Ph2P(0)C(S)NPhl, 
6, Rh(PPh3)2[Ph2P(S)C(S)NPh], 7, Rh(PPh3)2[Ph2PC(Np-tol)Np-tolJ , 8, RMPPhj^lPÍ^PCÍNPhXJ], 9, 
RhCl(PPh3)3 [241 .10 . НЬВг(РРЬз)з [24] ; 11, RhKPPhjlj [ 2 4 ] . 
function of the absolute value of the difference of the two coupling constants 
lJ(Rh—?!) and 'JiRh—Pi), which is a measure of the asymmetry within the 
complex, so that an empirical relation between lJ(M—Pi), lJ(M—P2) and 
2</(P,— P,) may be given: 
2J(F-?2)C,. = ^ [ауЛЩ'-F,) X 1J(M-P 2) - bl'JÍM-P,) - (М-Р2)І] - с (1) 
μ represents the nuclear magnetic moment of the metal in nuclear magnetons; 
a, b and с are empirical constants. For the set of asymmetric ci's-Rh'-bisphos-
phine complexes we computed: α/μ = 0.43 biß = 0.072 and с = 30.8 Hz, with a 
correlation-coefficient r = 0.988. 
The existence of such a correlation is confirmed by the similar behaviour of 
ten iso-structural asymmetric cis-Pt0-bisphosphine-(T72-ligand) complexes, the 
NMR parameters of which are reported by Meij et al. [20—21]. In Fig. 6 the plot 
of 2J(P1— РгЬи versus VViPt—Pi) X '«/(Pt—P2) is shown. Again signs are taken as 
positive, except ^(Р,— P 2 ) c l t of compounds 3 and 4. If the signs for V(P,—Pj),.,, 
of compounds 3 and 4 are not taken as negative, no acceptable correlation 
results. 
The correlation between 2J(?1—Ρ2)0Ιί and './(Pt—P,) (i = 1, 2) has a correlation 
coefficient of 0.46; the value for the correlation between V(Pi—Рг)^« and 
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TADLF 3 
" P Í ' H ; NMR P A R A M E T E R S 
C o m p l e x N u m b e r L Ь j ' J ( R h — P | ) g r o u p 6-
trans 
P n 1 P
/ X S 
Rh С 
Ph 
L \ / - S 4 c # ; N P h 
,Rri I 
P h . P S K n 2 
Va PPhj — 4 3 4 1 8 6 
Via PPh) — 5 4 . 8 2 0 2 
VIb CO 
/ \ Ρ 
sHr- c = hPh I a P P h i - 4 1 · 5 l f i 4 s -32 6 
' \ c / I b C 0 - 3 1 . 2 
. . . C=NMe IIa PPhj - 4 1 . 5 1 6 4 S —33.6 
P h , » ^ ^ S 
Wh C - N p - t c . m a PPhj — 4 8 0 1 6 6 N —32.7 
P>1,(/ ^ N ^ 
I 
p —to 
> r ^ C = 0 IVa PPhj —47.7 169 
Ph, Ρ 
S(P) 
O(P) 
- 3 9 . 3 
—41 4 
— 4 0 9 
- 3 5 . 6 
\ / \ Vila P P h , - 1 9 . 4 S - 2 1 . 3 
> C - . P h 
Ρ η , Ρ ^ ^ s 
P h 3 P N 4 ^ / 5 Ч c ΐ í ; N P f ^ X a P P h j — 3 3 . 1 S ( P ) — 1 9 . 7 
L-v / s \ ^NPfl X I a P P h J —38.4 O(P) —24.2 
In ppm relative l o 0 " P ( O M e ) j (TMP), internal reference; upfield = +:</ in Hz. Measured in C D 2 C b solut ion. 
0
 Decomposes s lowly in CD2CI2. 
\Д/(РІ—PJ X '«/(Pt—P2) is 0.949. Using expression 1 we calculated a correlation 
coefficient of 0.990 with α/μ = 0.077 ò/μ = 0.0097 and с = 285 Hz. 
Although no theoretical interpretation is available a relationship such as 
expressed in equation 1 may have a fundamental basis. 
The term V J(M—Pi) X '«/(M—P
:
) is a measure for the contribution of the s 
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^ ( R h - P : ) group 6 i ' . / ( R h - P j ) group " ¿ ( Ρ , - Ρ , ) "ЛР ¡-P i) " J ( P 2 - P , ) 
irons trans 
148 —PPh: +6 0 119 PPhj 35 as 24 as 330 trans 
136 - P P h 2 +7 8 1 0 2 PPhj 3 3 2 (rani 
-PPh2 +8 2 1 2 0 PPh) 35 cis 25 cis 3 3 3 ¡rans 
1 5 8 — PPh2 +6 6 119 PPh} 40 cis 3 2 cis 3 0 0 (rans 
-PPh2 +0 8 1 2 4 PPhj 40 cis 36 cis 3 0 2 (rans 
1 6 1 
1 7 5 
1 7 0 
1 5 2 
S 
S 
S 
S 
- 3 4 4 
—40 7 
- 2 8 . 6 
- 3 3 1 
0 
5 
3 
4 
PPhj 
PPhj 
PPhj 
СО 
4 3 cis 
47 cis 
3 (rans 
0 (rans 
36 cis 
24 cis 
18 cis 
17 cis 
-PPh2 + 1 1 . 1 PPhT 2 0 cis 2 0 cis 3 4 2 (rans 
РРЬз 3 0 cis 6 (rans 2 6 cis 
РРЬз 19 cis 
orbitale to the two metal—ligand bonds, as 'J(M—P,) and '«/(M—P2) are mainly 
determined by the s character of the Μ—Ρ bonds [25—27]. V(Pi—P2)C1, is deter­
mined by the metal s and d character of the Μ—Ρ bonds in the case of Rh' and by 
the s, ρ and d character in the case of Pt0, because this coupling takes place via the 
metal-centre. The metal s- and d-orbitals have opposite contributions to 
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3700 3Θ00 3900 4000 
Fig. 6. Plot ol VCP!—P7)r„ versus v/'JCPt—PQ X ÎJtPt-P?) [Χ] and of l J(P,—P 2 ) c , 5 + 0 0097 ^ ( P t - P , ) -
'JCPt—P2) I versus vVU't—P!) X 'JiPt— P2) ( ] Solid line calculated, using equation 1 In the form: 
( Р , - Р 2 ) С И + -I 'APt-P,) - V(Pt-Pj) I = jV 'J iPt-Pi ) X V(Pt-P 2 ) - с 
with д = 0.077, j = 0.0097 ande = 285 Hz. Complexes' 1. Pt(PPh3)2(p-tolN=S=Np-tol), 2, PUPPhj^· 
(p-Cl-phenylN=S=Np-Cl-phenyl); 3, Pt(PPh3)2(3,5-xylylN=S=N-3,5-xylyl), 4, Pt(PPh3)2CS2), 5, Pt(PPh3)2-
(PhN=S=0), 6. Pt(PPhj)2(p-tolN=S=0), 7, Pt(PPhj)2(o-tolN=S-0), B. Pl(PPh3)2(3,5-xylylN=S=0), 9, 
Pt(PPh3)2(2,4,6-mesitylN=S=0): 10, Pt(PPh3)2(PhN=S=NPh) [20—21]. 
VfP,— P j J c , because of the node of the d-orbital (i.e. the d-orbital changes sign 
over 90°). 
The values of α (0.038) and b (0.0064) of the Rh1 series are comparable with 
the values of a (0.047) and b (0.0059) of the Ft 0 series; the difference between 
a(Rh) and a(Pt) can be related to the different coordination number, which is 
four for Rh' and three for Pt0. 
That VfP,— P2)cit i s close to zero indicates that the s and d contributions cancel 
each other. Such a cancelling is obviously less present in the trans-coupling, which 
is determined by the difference between the contribution of the metal p
a
 -orbital 
and the metal s- and do-orbitals. The number of compounds in our set is too small 
to allow a statistical treatment of the VfP,—P,),™,, data. 
Dr. W.A. Schenk of the University of Würzburg has kindly provided us with 
the coupling constant data for the complexes cis- and frans-LL'W(CO)4 (L,L' = 
tertiary phosphine, aminophosphine or phosphite) [28]. In these complexes the 
substituents on phosphorus were varied but not those on the other ligands on 
the metal. Nonetheless, for the 17 irons-complexes an expression for 2J(Pi—Pj) 
Рг)«™· similar to equation 1 gives a good fit with a correlation coefficient r of 
0.990 and atr(ln,/juw = 0.759, btran./μw = 0.067 and c= 152 Hz. Clearly, similar 
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F i q u r e 7 . 300 400 (Hz) 
Plot of J(P.-P.) versus 
1 2 trans 
2J(P 1-P„) 4. + o.oev^jtw-p,) 
1 2 trans ' 1 
V J(W-P ) M J-(W-P ) [χ] and of 
JtW-Pj | versus y J(W-P,x J(W-P0) 
'2' ' " " — " ν ! 
Solid line calculated, using equation (1) in the form: 
2 
to]. 
J(P.-P.). + -^JW-P.J-^HW-P.) | = -V^tW-P.jK^iW-P.) 1 2 trans μ' 1 2 ' μ ' 1 2 
with - = 0.76, -
μ Ρ 
Complexes: 
0.067 and с 152 Hz. 
I. trans-W(iPr Ρ) (PhiPr Ρ) (CO) ; 2. trans-W(iPr Ρ) (Ph iPrP) (CO) ; 
3. trans-W(iPr P)(Ph P)(CO) ; 4. trans-W(iPr P)(Ph HP)(CO) ; 
5. trans-WdPr P) [Ph(Me N) P] (CO) ; 6. trans-W (iPr P) [ (Me N) P] (CO) ; 
7. trans-WdPr P) [Ph (iPrO)P] (CO) ; 8. trans-W(iPr P) [Ph (iPrO) P] (CO) ; 
9. trans-WdPr P) [ (iPrO) P] (CO) ; 10. trans-W(iPr P) [ (PhO) P] (CO) · 
II. trans-W(PniPr P)(Ph iPrP)(CO) ; 12. trans-W(Ph P)[(Me N) P](CO) ; 
13. trans-W(Ph P)[(iPrO) P](CO) ; 14. trans-W(Ph P)[(PhO) p] (CO) ; 
15. trans-w[(Me Ν) Ρ][(iPr) p](CO) ; 16. trans-w[(Me N) p][(PhO) p](CO) ; 
17. trans-w[(iPrO) P][(PhO) p](CO) . 
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300 (Hz) АОО 
u s Л Г Л И - Р ^ х J(W-P ) [χ] and of P l o t of J ( P . - P
n
) vers 
1 2 c i s 
2 J ( P < - P ^ ) + 0.0057 ^ J t W - P J ^ J (W-P.) I versus 
1 2 c i s 1 2 
V^(W-P 1)X
1J(W-P 2) [o]. 
Solid line calculated, using equation (1) in tne form: 
2 
"JtP.-P.) + -I ^  (W-P. J-1.! (W-P.,) 1 2 cis μ' 1 2 iV
1 1 
with - = 0.099, -
μ μ 
0.0057 and с 
μ 
-2.4 Hz 
J(W-P )χ J(W-P2) 
Complexes : 
1. cis-W(iPr Ρ) (Ph iPrP) (CO) ; 2. cis-W(iPr3P) (Ph3P) (СО) ^, 
3. cis-WdPr Ρ) (Ph HP) (CO) ; 4. cis-WdPr P) [Ph (iPrO)P] (CO) ; 
5. cis-W(iPr,Ρ)[(iPrO) P](CO) ; 6. cis-W(iPr3P)[(PhO)3P](CO)^ 
7. cis-W(PhiPr2P)(Ph2iPrP)(CO) ; 8. cis-W(Ph P)(Ph iPrP)(CO) ; 
9. cis-W(Ph3P)[(iPrO)3P] (CO)4; 10. cis-w[(iPrO)3][(PhO)3P](СО)^. 
50 
rules govern the '«/(M—P) and '«/(P,— P;) relationship in CJS and irons complexes. 
For the 10 cis LL'W(CO)j complexes, the correlation according to equation 
1 is poorer These complexes are found m groups which are apparently deter­
mined by the number of alkoxy groups present on the phosphorus The statistical 
constants are a
c
,
s
/M
w
 = 0 099, Ь
с
„/м^ = 0 0057 and с = —2 4 Hz, with a correla­
tion coefficient of 0 912 The a values of the tungsten complexes cannot be com­
pared with the values of the rhodium and platinum complexes because different 
phosphines are involved. 
Acknowledgment 
The authors wish to thank Dr. W.A Schenk for providing the data for the 
tungsten compounds, Dr F W Pijpers of the department of Analytical Chemistry 
for the statistical treatment of the NMR data, Mr. J van Kessel for recording the 
3 I P NMR spectra, and Mr Ρ J J Koonen for performing C, Η and N analyses. 
References 
1 D Η M W Thewissen and A W Gal, Proceedings of the Conference on Rhodium in Homogeneous Cata­
lysis, Veszprém, 1978, pp 6—13 Paît IA D H M W Thewissen and H L M van Gaal, J Organometal 
Chem 172(1979)69 Part IB D H M W Thewissen, J Organometal Chem 188(1980)211 
2 AW Gal, JW Gosselink and F A VoUenbroek, J Organometal Chem . 142 (1977) 357 
3 AW Galand F H A Bolder, J Organometal Chem , 142 (1977) 375 
4 J A OsbornandG Wilkinson, Inorg Synth , 10 (1967) 67 
Б A van der Ent and A L Onderdelinden, Inorg Synth , 14 (1973) 94 
6 К Issleib and G H Harzfeld, Chem Ber , 97 (1964) 3430 Κ Issleib and G Harzfeld, Ζ Anorg Allg 
Chem , 351 (1967) 18 
7 A van der Gen. Belg Patent, С A 65 (1966) 8960h 
8 D H M W Thewissen and H P M M Ambrosius Ree Tiav Chlm Pays Bas m press 
9 I Ojima, К Akiba and N Inamoto, Bull Chem Soc Japan, 42 (1969) 2975 
10 D H M W Thewissen, J Organometal Chem , 192 (1980) 115 
11 A Cormier, К Nakamoto P Crystophliempk and A Muller, Spectrochlm Acta A, 31 (1974) 1059 
12 P Lakshimi, R Bhaskera and U Agarwala, Inorg Chim Acta, 5 (1971) 354 
13 К A Jensen В M Dahl, P H Nielsen and G Borch Acta Chem Scand , 26 (1972) 2241 
14 R Mattes and G Pauleickhoff Spectrochlm Acta A, 30 (1974) 386 
15 S N Olafsson, Ph D Thesis Hamburg. 1973 
16 R Lenck, Ph D Thesis, Hamburg, 1973 
17 E G Finer and R К Harris Progress in NMR Spectroscopy Vol 6, Pergamon Press, London, 1971, 
p61 
18 R D Bertrand, F В Ogilvie and J G Verkade, J Amer Chem Soc , 92 (1970) 1908 
19 F В Ogüvie.JM Jenkins and J G Verkade J Amer Chem Soc , 92 (1970) 1916 
20 R Meij, D J Stufkens and К Vneze, J Organometal Chem , 144 (1978) 239 
21 R Meij, Ph D Thesis, Amsterdam, 1978 
22 E Lindner and В Schilling Chem Ber 110(1977)3889 
23 E Lindner and W P Meyer, J Organometal Chem , 67 (1974) 277 
24 Τ H Brown and Ρ J Green, J Amer Chem Soc , 92 (1970) 2359 
25 J F Nixon and A Pidcock. Ann Rev NMR Spectra, 2 (1969) 346 
26 Τ G Appleton, II С Clark and L E Manzer Coord Chem Rev , 10 (1973) 335 
27 F U Allen, A Pidcock and С R Waterhouse.J Chem Soc A, (1970) 2087 
28 W A Schenk Habilitationsschrift, Universität Wurzburg, 1979, Proceedings IXth I С О M С , Dijon, 
1979, P13I· and D3 
51 
Journal of Organometallic Chemistry, 192 (1980) 115—127 
© Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands 
CHAPTER IV 
*. ELIMINATION OF HETERO-ALLENE MOLECULES FROM 
RHODIUM(I)-HETERO-ALLYLIC-PHOSPHINE COMPLEXES. THE FIRST 
COMPLEX WITH T?2-COORDINATED Ph2PS-
D.H M.W. THEWISSEN ** 
Department of Inorganic Chemistry, Catholic University, Toernooweld, 6525 ED Nijmegen 
(The Netherlands) 
(Received November 12th, 1979) 
Summary 
Carbon monoxide causes elimination of the hetero-allene molecules 
ptolN=C=Nptol and Ph-N=C=0 in Rh(PPh3)2[Ph2PC(Nptol)Nptol] and 
Rh(PPhjh[Ph2PC(NPh)0], respectively. The resulting complex in both cases 
is [Rh(CO)2(PPh3)(PPh2)]n. 
In the reaction of RhCUPPhhh with Ph2P(S)C(Nptol)NHptol or Ph2P(S)-
C(0)NHPh in the presence of a base, a similar elimination occurs yielding the 
liberated heterocumulene and Rh(PPh3)2(SPPh2). This complex is the first 
example of a species with a side-on coordinated Ph2PS-moiety. We have also 
prepared this compound and other species, containing T7:2-SPPh2, via direct inter­
action of RhCUPPhjh and ІгСЦРРЬэЫСвНн) with Ph2P(S)H. Upon reaction 
with CO, the chelating PPh2 group is displaced by CO to give complexes with 
an end-on coordinated Ph2PS" ligand. 
Finally, Rh(PPh3)2(SPPh2) incorporates three moles of PhNCS, one by 
insertion and two by disproportionation, to yield Rh(PPh3)(PhNC)(PhNCS2)-
[Ph2P(S)C(S)NPh]. 
Introduction 
PhjP" and Ph2PS~ can add to hetero-allene molecules X=C= Υ (X, Y = S, NR, 
0) by nucleophilic attack at the central С atom to give a large number of hetero-
allylic derivatives, as shown in Fig. 1. 
• For part II "¡ce reí. 2. 
** Prpwnt address: О.С.І., T.N.O., Croesestraat 79, Utrecht, The Netherlands. 
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Fig 1 The unsaturated heteroallylic anions 
These anions, containing three hetero atoms with coordinating properties, 
are ambidentate The complexation of a number of these chelates towards 
rhodium(I)- and iridiuin(I)-phosphine complexes are reported in previous papers 
[ 1 - 4 ] . Complexes of the type M ( P P h j h [ X - C ( Z ) - Y ] and М(РРЬз)(СО)[Х-
C(Z)—Y] (M = Rh, Ir) can be prepared in this way However, in some cases 
the complexes are not sufficiently stable to be isolated, and a subsequent reac­
tion occurs in which the heterocumulene is eliminated In this paper the behav­
iour of a few of these complexes is discussed In particular, attention is paid 
to one of the products, RhiPPhahtSPPha), resulting from the elimination 
In addition we have synthesized some M(SPPh2) complexes (M = Rh, Ir) 
and investigated their structures. In complexes of PhjPS", this hgand has pre­
viously been found to coordinate either end-on via sulfur [9] , or to bridge two 
metal atoms via Ρ and S [10—121. In this paper we describe a different mode 
of bonding. 
Experimental 
IR spectra were measured on a Perkin Elmer 283 spectrophotometer (4000— 
200 cm" 1 ) , mainly in Csl pellets. 
' ' P i ' H } NMR spectra were recorded on a Varían XL-1000 FT spectrometer 
at 40 5 MHz, using the deuterated solvent as internal look Solutions for NMR 
measurements were prepared in a glove-box. 
C, H and N analyses were carried out at the micro-analytical department of 
this university. Other elemental analysis and molecular weight determinations 
were performed by Prof. Dipl.-Ing. Dr. H. Malissa and G Reuter, Analytische 
Laboratorien, Elbach über Engelskirchen, West-Germany. Analytical data are 
given in Table 1. 
Reactions were carried out at room-temperature in analytical grade solvents 
under nitrogen. 
RhCUPPhjh [ 5 ] , [IrCl(C8HH)2]2 [ 6 ] , RhíPPhjhlPhjPCÍNp-tolJNp-tol] and 
Rh(PPh3)2[Ph2PC(NPh)0] [ 2 ] , Ph2P(S)H [7 ] , and Ph2P(S)C(Np-tol)NHp-tol and 
Ph2P(S)C(0)NHPh [8] were prepared according to literature procedures. 
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TABLE 1 
ANALYTICAL DATA 
No. Compound 
Id [Rh(PPh2)(PPh3KCO)2h ' H2O 
IIIc Rh(SPPh2)(PPh3)2 
IV RhCl(H)(PPh3)2(SPPh2) · C 6 H 6 
V IrCl(H)(PPh3)2(SPPh2) · C 6H 6 
VI Rh(PPh3)2(CO)(SPPh2) 
Colour 
dark gleen 
orange brown 
yellow 
yellow 
yellow 
Found (( 
С 
62.38 
(62.44) 
68.07 
(68.25) 
68.59 
(67.61) 
62.49 
(61.80) 
67.12 
(67.43) 
:alcd.) (%) 
H 
4.65 
(4.26) 
4.91 
(4.78) 
5.19 
(4.94) 
4.69 
(4.52) 
4.71 
(4.62) 
О 
6.45 
(6.50) 
— 
— 
— 
— 
— 
— 
— 
— 
Cl 
_ 
— 
— 
— 
3.69 
(3.70) 
3.31 
(3.29) 
— 
— 
Ρ 
10.10 
(10.08) 
10.80 
(11.02) 
9.52 
(9.70) 
8.15 
(8.88) 
— 
— 
S 
_ 
— 
3.61 
(3.79) 
3.24 
(3.34) 
3.02 
(3.05) 
— 
— 
Mol. weight 
— 
— 
827 α 
(844) 
4 6 9 ' ' 
(479) 
5 7 7 * 
(574) 
— 
— 
0
 Mol. weight determined osmometncally in acetone. Mol. weight determined osmometncaUy m CH2CI2. M/2 cale: 479 for IV, 574 for V. 
Preparation of [КЫРРН
г
)(РРН
ъ
)(СО)
г
]
г
 • Н20 (Id) 
On passing CO during 5 minutes through a solution of 0.3 mmol КЬ(РРЬз)2-
[Ph2PC(Np-tol)Np-tol] or Rh(PPh3) 2[Ph2PC(NPh)0] in 30 ml benzene the 
initial orange-yellow colour changed first to yellow and within an hour via 
brown to dark-green. After a few hours the green precipitate was filtered off, 
washed with benzene and diethyl ether, and dried in vacuo. Yield: 55%. 
Preparation of НЫРРИ^
г
(ЗРРИ2) (Hie) 
a) 0 3 mmol of РЬ2Р(8)С(Хр-1о1)МНр-Ь1 was added to a solution of 0.3 
mmol of RhCl(PPh ,) , in 30 ml anhydrous benzene. An equimolar quantity of 
n-BuLi was then injected After stirring for 24 hours the mixture was filtered. 
After precipitation with n-hexane the complex was filtered off, washed with 
small portions of ethanol and diethyl ether, and dried in vacuo. Yield 30%. 
b) 0.3 mmol Ph 2 P(S)C(0)NIIPh was added to a solution of 0.3 mmol RhCl-
(РРЬз)э in 30 ml benzene After 20 minutes a small excess of EtjN was added. 
After 24 hours the EtsN · HCl was filtered off. The complex was precipitated 
with n-hexane, filtered off, washed with small portions of ethanol and diethyl 
ether, and dried in vacuo Yield 35%. 
c) 0.3 mmol Ph 2P(S)H was added to a solution of 0.3 mmol RhCl(PPh 3 ) 3 
in 30 ml waterfree benzene. An equimolar quantity of n-BuLi was added. After 
two hours, the complex was precipitated with n-hexane, filtered off, washed 
with small portions of ethanol and diethyl ether, and dried in vacuo. Yield. 
757c. 
Preparation of Rh(H)(Cl)(PPh}h(SPPh7) • CJi^IV) 
0.3 mmol Ph 2P(S)H was added to a solution of 0.3 mmol RhCUPPhjh in 
30 ml benzene. Within 15 minutes the colour changed from red to bright yellow. 
n-Hexane was added and the precipitate was filtered off, washed with small 
portions of benzene and diethyl ether and dried in vacuo. Yield: 90%. 
Preparation of ¡r(H)(Cl)(PPh3)2(SPPhi) • С 6 Я 6 (V) 
0.3 mmol Ph 2P(S)H was added to a solution of 0.15 mmol [ІгСЦСаН,,,)^ 
and 0.6 mmol PPhj in 30 ml benzene. In 20 minutes the colour changed from 
red to yellow. After addition of n-hexane the precipitate was filtered off, 
washed with small portions of benzene and diethyl ether, and dried in vacuo. 
Yield: 85%. 
Preparation of ЯЫРРк3)г(СО)(8РРН2) (VI) 
CO was passed for 2 minutes through a solution of Rh(H)(CI)(PPh3) 2(SPPh) 2 
in 20 ml CH 2C1 2, a yellow precipitate formed during about 30 minutes. After 
addition of n-hexane the complex was filtered off, washed with ethanol and 
diethylether, and dried in vacuo. Yield: 90%. 
The reaction of Rh(PPh3) 2 [Ph 2 PC(NR)Y] (Y = Np-tol, R = p-tol; Y = O, R = Ph) 
with CO 
We investigated the reaction between Rh(PPh3) 2 [Ph 2 PC(NPh)0] (la) and 
CO by means of IR and ' ' P i ' H ^ NMR spectroscopy. Table 2 gives the relevant 
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TABLE 2 
IR A N D 31Р{1 H } NMR DATA OF THE I N T E R M E D I A T E COMPLEXES 
Complex 
la R h ( P P h 3 ) 2 ] P h 2 P C ( N P h ) 0 ] ь 
lb R h ( P P h 3 ) ( C 0 ) l P h j P C ( N P h ) 0 ] c 
Ic Rh(PPh3)(CO)2<PPh2)(PhNCO) c 
Id [ R h ( P P h з ) ( C O ) 2 ( P P h 2 ) ] „ í , 
Ha R h ( P P h 3 h [ P h 2 P C ( N ; j t o l ) N p t o l ] ь 
IIb R h ( P P h 3 ) ( C O ) l P h 2 P C ( N p t o l ) N p t o l l c 
6(P-chelate) 
( p p m ) ' ' 
-3.3 
-46 5 
' j ( R h - P
c h e l a t e ) 
(Hz) 
108 
155 (mult iplet) 
ІЧС О) 
(cm ' ) 
1972VS 
1912VS 1987VS 
ISOOvs 1947V5 
fCC-E) 
( c m " 1 ) 
1 6 2 4 s ( K C - O ) ) 
1 6 4 0 m ( i i ( C = 0 ) ) 
1 7 3 5 m ( i ' ( 7 i - - P h 4 = C = 0 ) ) 
1552VS ( K C - N ) ) 
1569VS (l/(C=N)) 
1
 For РРЬз, see Table 3. Measured in Csl pellets. c Measured in CH2CI2 solution In ppm relative to 0 = Р ( О М е ) з (TMP) internal reference, upfield shifts positive 
TABLF 3 
COMPLíXFS AND INTERMEDIATES PRESENT AT Dlí tERENT REACTION TIMES 
Complex 
la Rh(PPh3)2[Ph2PC(NPh)0] 
lb Rh(PPh1)(CO)|Ph2PC(NPh)01 
Ic Rh(PPh3)(CO)2(PPh:)(PhNCO) 
Id lRh(PPh3)(CO)2(PPh2)]n 
free PhNCO 
Colour 
6(РРЬз) (ppm) (free and coordinated) 
Oh 
++ 
— 
— 
— 
— 
yellow 
0 5 h 
+ 
++ 
— 
— 
— 
yellow 
orange 
—110 
2 h 
++ 
• 
~ 
— 
brown 
—Í 6 
20 h 
+ 
• 
+ 
+ 
green 
- 2 0 
4 5 h 
— 
+ 
• 
++ 
++ 
green + 
precipitate 
of Id 
- 0 9 
++ > 60%, + 20—60%, ~ 5—20%, · present in verv small quantity, — not present 
IR absorptions and the 3IP NMR parameters of the intermediate complexes 
present in the reaction mixture, and Table 3 shows the amounts of these inter-
mediates as a function of time. 
When less than one equivalent CO is introduced into a solution of RhÎPPhsb-
[Ph2PC(NPh)0] in benzene or dichloromethane the yellow-orange Rh(PPh3)-
(CO)[Ph2PC(NPh)0] (lb) is formed by substitution of PPha by CO. This com-
plex is analogous to the complexes Rh(PPh3)(CO)lX—C(Z)—Y], described in 
our earlier papers [2,3], i'(C=0) at 19T2\/scm~1 and i>(C=0) at 1640m cm"1 are 
consistent with the values usually found for this type of compound. The " P 
NMR spectrum indicates dynamic behaviour due to exchange of free and 
coordinated РРЬз. The PPhs resonance is broad and exhibits no ' J(Rh- P) 
coupling. '«/(Rh—Pcheiate) amounts to 108 Hz. Complex lb defies isolation. 
It reacts with a second molecule of CO to give Rh(PPh3)(COb[Ph2PC(NPh)0]; 
the colour changes slowly via brown to green. In the strained Rh—Ρ—С—N four 
membered ring the P—С and Rh—N bonds are the weakest. By breaking these 
bonds, ι e. by elimination induced by the second CO molecule, a complex with 
a side-on coordinated PhN=C=0 molecule can be generated (Ic). In the IR 
spectrum, recorded after two hours, a new absorption is observed at 1735 
cm
- 1
, which we assign to У ( С = 0 ) of the five coordinate intermediate Rh(PPhj)-
(PPh3)(CO)2(T?2-PhN=C=0) (Ic) For the four-coordinate Rh(Cl)(PCy1)2-
(PhN=C=0) v(C=0) was assigned at 1842s cm - 1 by Van Gaal et al. [13]. These 
authors predict a substantial lowering of this frequency in five coordinate Rh 
complexes. The absorption at 1735 cm - 1, observed for Ic, is about 100 cm"' 
higher than the reported value for v(C=0) of a [RNC(0)NR]2" fragment, which 
may result from a coupling of two Ph—N=C=0 entities [14—16], so that the 
formation of such derivatives can be excluded. Subsequently the t^-coordinated 
hetero-allene molecule is eliminated from the coordination sphere, as is indi­
cated in the IR spectrum by the formation of free PhN=-C=0. Fig. 2 shows a 
possible reaction pathway, as discussed above. 
The reaction between Rh(PPh3)2[Ph2PC(Np-tol)Np-tol] and CO in benzene 
proceeds similarly. ptolN=C=Np-tol is eliminated and the resulting Rh complex, 
formed in this reaction, is also Id. 
The green compound Id analyses for {[Rh(CO)2(PPh2)(PPh3)]2 • Η 2 0} η . We 
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,
 P h 2 P - C / / 0 
P h 3 P x / P 4 P h 2 C 0 V ^ Р Ь э 0 C 4 / P P h 2 C 0 4 OC I 1 Rh C=0 — - ь — ¿ - - Rh ,C=0 —^> . ;Rh — N-Ph 
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 x k i e n h e l i t u f ir.n r-ii_ I-» ' ^ Ph,P N subsi.tutioo Ph^P NN 
Ph Ph 
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Ph2P ^ 0 Ph N = C - 0 
ОС | 
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OCv. | С 
.Rh- - ^ — . [Rh(CO)2(PPh3)(PPh2)]n / ? " i r . l H 4 . w 2 \ > I l i j / 
demserlion OC N N elimination 
PPh3 P h
 I d 
Ie 
Fig 2 The probable pathway for the reaction between Rh(PPh3)2[Ph2PC(NPh)01 and CO 
suggest a structure as given below, in which η equals 2, but we could not 
determine the molecular weight because it is insoluble in benzene and decomposes 
slowly in dichloromethane or chloroform to yield КЬС1(СО)(РРЬз)2 among 
other products In Id the rhodium is five coordinate as indicated by i>(CO) at 
1947 and 1900 cnrT1· 
o c . ^ - - P P h 2 ^ /PPi-h 
ОС Rh Rh CO 
Ph3P ^ P P h j CO 
The reaction of КЬСЦРРЬОз with Ph 2P(S)C(Y)NHR (Y = Np-tol, R = p-tol; 
Y = O, R = Ph) in the presence of a base 
In earlier papers we reported that the reactions of КЬС1(РРЬз)з with the 
molecules Ph 2P(S)C(S)NHPh [2] and Ph 2 P(0)C(S)NHPh [3] in the presence 
of a base, e.g. EtaN gave the stable complexes Rh(PPh3) 2[Ph 2P(S)C(S)NPh] and 
Rh(PPh3) 2 [Ph 2 P(0)C(S)NPh], respectively. The hgands are coordinated to Rh 
by S(P) and S and by O(P) and S in five membered chelate rings. 
When RhCl(PPh3)3 is treated with Ph2P(S)C(Np-tol)NHp-tol and an equi-
molar quantity n-BuLi or with Ph2P(S)C(0)NHPh in the presence of a small 
excess of EtaN, the complexes Rh(PPh3)2LPh2P(S)C(i\Tp-tol)Np-tol] (Ilia) and 
Rh(PPh3) 2[Ph2P(S)C(NPh)0] (Illb) are formed as a first intermediate, in 
which the hetero-allylic hgands coordinate through S(P) and N. After standing 
for a short time both complexes undergo fairly rapid elimination of the hetero-
allene molecules p-tolN=C=Np-tol and Ph—N=C=0 respectively, as observed 
by means of IR spectroscopy. The elimination is probably induced by the weak 
N coordination in the five membered ring and by the weak Ρ—С bond of four 
coordinate three-valent phosphorus to the central atom of the X=C=Y frag­
ment. We suppose the mechanism of these eliminations to be analogous to 
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Л /ІЧм' MWV^WAJ/^ 
-60 - 5 0 (ppm) -АО 
Fig. 3 . The 3 1 1 ' H ] N M R spectrum of Rh(PPh3)2(SPPhj) . 
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those discussed in the previous section. The compound IIIc, which results from 
both reactions, analyses for Rh(PPhj)2(SPPh2). IIIc appears to be monomeric in 
acetone. The absorption at 513s cm"1 in the IR spectrum is assigned to i'(P=S), 
which agrees with an involvement of S in the coordination to the metal 
[2,11,17]. The " Ρ ί ' Η ) NMR spectrum (see Table 5 and Fig. 3) indicates three 
inequivalent phosphorus nuclei, Vhich means that the Ρ atom of the Ph2PS~ 
moiety is coordinated to Rh. In particular the small value of 1J(Rh—?
a
) of 119 
Hz demonstrates the incorporation of P
a
 into a three membered ring system. 
We conclude from these facts and from the requirement for four coordination 
for the Rh' center, that the Ph2PS" ligand is coordinated side-on. Previously, 
R2PS" has been reported to complex with transition metals either end-on, 
through S [9], or by bridging two metal atoms through S and Ρ [10—12], 
forming binuclear species. IIIc is the first example of a complex in which a 
T A B L E 4 
IR A B S O R P T I O N S IN c m " 1 . SPECTRA M E A S U R E D IN Csl PELLETS 
Code Complex 
Il ia Rh(PPh3)2lPh2P(S)C(Np-to])Np-tol] " 
ШЬ R h ( P P h 3 ) 2 [ P h j P ( S ) C ( N P h ) 0 ] 
IIIc Rh(PPh3)2(SPPh 2 ) 
IV Rh(H)(Cl )(PPh3)2(SPPh 2 ) · C 6 H 6 
V l t (H)(Cl ) (PPh3)2(SPPh 2 ) · C 6 H 6 
VI Rh(CO)(PPh3)2<SPPh2) 
И С = Е ) ' i 4 P = S ) іЧМ—Η) 
0
 Measured in C^Hg solut ion. E represents the e x o c y c h c hetero atom. 
f(M—С1) 
1 5 4 6 s (1/(0= N » 
1 6 1 8 s ( l ' ( C = 0 ) ) 
1 9 7 1 v s ^ i C ^ O ) 
5 2 1 m 
5 1 2 m 
5 1 3 s 
5 1 2 s 
5 1 1 s 
5 1 6 m 
2 1 1 8 m 
2 2 3 3 m 
262vw 
263vw 
59 
ел 
о 
TABLE 5 
3 1 H{IH}NMR PARAMETERS 
Complex 
Ph,P 
\ 
P h 3 p b 
Rh-
Cl 
P h 3 p b 
Rh-/ 
H 
CI 
P h 3 p b 
-// 
P P h , 
P P h , 
У/ 
P P h , 
Code 6(Pa) 'JiRh-Pa) 6(Pb) './(Rh-Pb) 6(Pc) 'ЛНЬ-Рс) (Ра-РЬ) ^(Pa-Pc) 2J(Pb-Pc) 
Illc —55.6 119 
IV —19.0 82 
V(Pa—H) = 1 4 
—44.1 210 -37.6 171 
-39.6 160 —26.5 125 
V(Pb—H) = 12 ^ ( P c - H ) = 16 
no
 2J(P—H) coupUne constants observed 
28 cis 
20 tris 
246 trans 29 cu 
347 frons Oris 
3 0 9 irons 0 cis 
δ in ppm relative to 0=Р(ОМе)з (TMP), internal reference; upheld shift positive; J in H/, Solvent: CD^Clj. 
H 
P h 3 p \ s РЬзР^І s 
/ R h || M || (Чре also rpf [20]) 
Ph3P PPh2 PhjP / | PPh2 
Cl 
Fig 4 The structure of Rh(PPh3)2(SPPh2) 
Flg 5 The structure о« М(Н)(С1)(РРЬз)2(ЧРР>12) (M = Rh, Ir) 
coordinated RjPS" fragment is coordinated in an i72-mode (see Fig 4). 
In order to support our conclusions we attempted an independent synthesis 
of Ph 2 PS" complexes by direct interaction of КЬС1(РР1із)э with Ph2P(S)H in 
benzene. From this reaction the complex Ш І ( Н ) ( С 1 ) < Р Р 1 І З ) 2 ( 8 Р Р 1 І 2 ) (IV) can be 
easily obtained. We have also prepared the analogous І Г ( Н ) ( С 1 ) ( Р Р Ь З ) 2 ( 8 Р Р 1 І 2 ) 
(V) from ІгС1(РРЬэ)2(С8Н,4) and Ph 2P(S)H. Molecular weight determinations 
point to m o n o m e n c IV and V. The IR spectra show i>(Rh—H) at 2118m cm" 1 
and Kir—H) at 2233 m cm" 1 , whereas the г(М—Cl) absorptions are assigned 
at 262vw cm" 1 for IV and 263vw cm" 1 for V; i4P=S) is observed at 512s cm" 1 
for IV and at 511s cm" 1 for V. These values indicate again Tj2-coordination of 
Ph 2 PS". Tables 5 and 6 give th£ " P i ' H } NMR and Ή NMR spectroscopic data. 
The 3 1 P NMR parameters of IV and V are in agreement with three inequivalent 
Ρ atoms. The value of ' J(Rh—P
a
) of 82 Hz confirms the ^-coordinat ion of 
the Ph 2 PS" moiety (РРЬзЬ—РРЬзс) of square planar eis Rh 1 (РРЬз)2[Х—C-
(Z)—Y] complexes varies from 35—50 Hz [2]. The value of VfPPhab—РРЬзс) 
of RhI(PPh3)2(T?2-SPPh2) is somewhat smaller. We ascribe this t o the P—Rh Ρ 
angle which is larger than 90°. We draw a parallel with the P—Pt—Ρ angle and 
(Р—P) in Pt(PPh3)2(7}2-A=B) compounds, which have an angle of comparable 
size and also a small 2 J(P—P). A weaker M—rjMigand interaction is expected in 
the Rh I I I (SPPh 2 ) complexes compared with the Rh I (SPPh 2 ) compounds. This is 
accompanied with a larger РРЬз—Rh—РРЬз aperture angle (called the "inter-
ligand angle effect" by S. Otsuka [18]) and consequently a still smaller 2J-
(PPhjb—РРЬзс) coupling constant. Actually in compounds IV and V 2«/(РР1ізЬ— 
РРЬзс) « 0. 
In the •H NMR spectra the hydride signals are observed at —17.6 ppm (Rh) 
and at —21.3 ppm (Ir) as quasi-sextets. The values of 2J(P1—Η) (i = a, b, c) of IV, 
read from the Ή NMR spectrum, are slightly smaller than the values from the 
3 1 P NMR spectrum. The 3 1 P NMR spectrum of V does not show any 2J(P1—H) 
couplings, whereas the values from the 'H NMR spectrum are larger than the 
values of 2J(P— H) of the analogous Rh complex. The intensity ratio Int M—H/ 
Int. H
a r o m
 indicates that about one molecule C 6 H 6 must be present in the 
complexes. 
Upon standing for a few days IV is converted into Rh(PPh3)2(SPPh2) by 
loss of HCl. IIIc can also be prepared directly from RhCl(PPh3)3 and LiP(S)Ph 2. 
We were not able to obtain the good crystals required for an X-ray structure 
determination of either IV, V or IIIc. However, on the basis of the molecular 
weight determinations and the spectroscopic features the ^-coordinat ion of 
the Ph 2 PS" hgand in IIIc seems fairly reliable. 
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TABLE 6 
Ή NMR SPECTROSCOPIC D A T A 
Complex 
Ph3Ps 
Ph,P 
flh-
Cl 
-// 
PPh, 
P h 3 P \ 
PhjP 
Jr-
CI 
(V) 
s 
f 
PPh, 
У/ 
δ (M—H) Intensity ratio 
- 1 7 . 6 quasi sex let 
1 : 3 . 4 : 4 : 3 : 1 
- 2 1 . 3 quasi sexte t 
1 : 1 : 2 : 2 : 1 : 1 
δ in ppm relative t o TMS. J in Hz. Spectra measured in CD2CI2. 
б ( Н - а т о т ) I n t M - H ^ ( R h — H ) ^ ( Р , — H ) (1 = a, b, c) 
7 . 1 - 7 . 5 0 . 0 2 0 9 1 2 1 0 1 0 
mult ip let (Pc) ( p a> <РЬ> 
7.2—7.5 0 . 0 2 1 16 16 12 
mult ip let ( P
c
) ( P
a
) < P b ) 
3RN-C-S PPhj R N x ^ 3 
Ph -Ρ PPh, insertion * disproportionation 5 | 5 ^ м р 
n 
R 
Fig 6 The reaction at elevated temperature between Rh(PPh3)2(SPPh2) and PbNCS 
On passing CO through a solution of Rh(H)Cl)(PPhjh(SPPh 2 ), or Ші(РРЬз)2-
(SPPhj), the carbonyl complex КЬ(СО)(РРЬэ)2(8РРЬ2) (VI) is formed, in which 
compound the Pl^PS" group is coordinated end-on via S to Rh This compound 
was previously characterised and reported by Marsala et al. [9] . In the com­
plexes Rh(PPh3)2[Ph2P-A], in which [РЬгР-А] repiesents a hetero-allylic hgand 
coordinating through Ρ and the hetero atom A, the РРЬз hgand irons to A, i.e. 
the phosphine which experiences the smallest irtws-influence, is displaced by 
CO. In the present case on the contrary, Pcheute l s substituted, and CO is 
probably irans to Ph 2 PS". 
Insertion of Ph—N=C=S in the PhjPMS system 
Rh(PPh3) 2(SPPh 2) (IIIc) is formed from Rh(PPh3) 2[Ph 2P(S)C(Np-tol)Np-tol] 
or Rh(PPh 3 ) 2 [Ph 2 P(S)C(NPh)0] by elimination of p-tolN=C=Np-tol or PhN= 
C = 0 , respectively. We have already remarked that this tendency t o elimination 
is probably connected with the weak N coordination of the hetero-allylic hgand. 
Since e.g. Rh(PPh,)2[Ph 2P(S)C(S)NPh] is a stable complex, it should be possible 
to synthesize this complex from IIIc by insertion of Ph—N- C=S We carried 
out this reaction by refluxing a mixture of IIIc and a large excess of Ph- N=C=S 
in benzene during two hours. From the resulting mixture Rh(PPh3)(PhNC)-
(PhNCS 2 )[Ph 2 P(S)C(S)NPh] can be isolated as the main product (see Fig. 6). 
We previously prepared this compound by the reaction between Rh(PPh3) 2[Ph 2-
P(S)C(S)NPh] and an excess of P h — N = C = S , in which the hetero-allene mole­
cules undergo a disproportionation [19]. In the present reaction insertion 
occurs together with disproportionation. Experiments with varying ratios of 
Ph—N=C=S/Rh revealed no preference for either insertion or disproportiona­
tion. 
The overall reaction is the incorporation of three molecules of Ph—N=C=S. 
The reaction is well understood in view of the knowledge of the insertion and 
disproportionation properties of hetero-allenes. 
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CHAPTER V 
INTERACTION OF Ph PC(S)NHR (R = Ph, Me) WITH [Rh(CO) CI] 
θ 
MODES OF COORDINATION OF Ph PC(S)NHR AND [ph PC(S)NR] 
D.H.M.W. Thewissen, J.G. NoltPS and J.J. Steggerda 
SUMMARY 
Upon reaction with [Rh(CO) CI] , Ph PC(S)NHR (R = Ph,Me) displaces 
one CO molecule and generally coordinates to the metal end-on (η ) via 
P. In {RhCl(CO)[Ph PC(S)NHR]} one of the protonated phosphino ligands 
coordinates both through Ρ and S to form a four-membered chelate ring. For 
all the complexes containing the protonated ligand always rapid elimination 
of HCl takes place in the presence of a base. Generally, bidentate coordi­
nation via Ρ and S is observed for the resulting deprotonated ligand. By 
loss of HCl coordinative unsaturation is generated. In some cases this 
results in the involvement of'all three hetero atoms (P, S and N) in the 
coordination, as found in {Rh(CO)[Ph PC(S)NR]} . A rhodium-hydride complex, 
RhH(CO)[Ph PC(S)NPh] , formed as a result of intramolecular oxidative ad­
dition in Rh(CO)[Ph PC(S)NHPh][Ph2PC(S)NPh], has been isolated. 
The nitrogen analogue Me NC(S)NHPh only reacts with [Rh(CO) CI] 
under basic conditions to yield Rh(CO) [Me NC(S)NPh]. 
INTRODUCTION 
Ph PC(S)NHR is known to coordinate end-on (η ) through Ρ to Mo(II) 
[5]. As the functional group -C(S)NHR does not take part in the coordina­
tion, the ligand behaves like an ordinary phosphine ligand. In 
this paper evidence is given for a new mode of coordination of this pro­
tonated ligand, viz. bidentate via Ρ and Ξ. 
This coordination through Ρ and S is generally found to occur m 
Rh (I) phosphine complexes of the deprotonated [Ph PC(S)NR] ,- thus a 
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Table 1. Analytical data . (Theoretical values in parentheses) 
Code Compound Colour % С % H % Ν % Cl % S Mol. 
weight 
Yield 
la {RhCl(CO)[Ph PC(S)NHPh]}2· 
.0.6 с 7н 8 
Ib {RhCl(CO)[Ph PC(S)NHPh]}4· 
•0.4 C 7H 8 
H a {RhCl(CO) [Ph PC(S)NMe]} 
III {Rh(CO) [Ph PC(S)NPh]}4 
IV {Rh(CO) [Ph PC(S)NMe]}4 
.0.6 С H 
V RhCl(CO)[Ph_PC(S)NHPh] 
0.4 C 7H 8 
VI RhCl(CO) [Ph PC(S)NHMe]2· 
•0.05 C 7H 8 
Vila Rh(CO)[Ph PC(S)NPh-
-[Ph2PC(STNHPh].0.3 С Hg 
Vllb Rh(CO) (H) [Ph PC(S)NPh]2· 
0.3 с 7н 8 
Villa Rh(CO) [Ph PC(S)NMe]-
-[Ph PC(SyNHMe].0.1 C_HD 
IX Rh(CO) [Me NC(S)NPh] 
orange-
-brown 
black 
orange 
yellow 
yellow 
yellow 
yellow 
yellow-
-orange 
brown-
-violet 
ye1low-
-orange 
red-
-brown 
51.48 
(51.49) 
49.59 
(50.00) 
42.62 
(42.30) 
53.69 
(53.98) 
56.95 
(57.20) 
58.12 
(57.88) 
51.08 
(51.11) 
61.92 
(61.68) 
61.53 
(61.68) 
54.13 
(54.23) 
38.87 
(39.05) 
3.71 
(3.60) 
3.39 
(3.41) 
3.28 
(3.32) 
3.50 
(3.46) 
4.59 
(4.45) 
4.08 
(3.99) 
4.09 
(4.15) 
4.36 
(4.21) 
4.01 
(4.21) 
4.24 
(4.26) 
3.44 
(3.28) 
2.58 
(2.72) 
2.72 
(2.82) 
3.07 
(3.29) 
2.80 
(3.04) 
3.32 
(3.48) 
3.28 
(3.46) 
3.97 
(4.06) 
3.40 
(3.50) 
3.34 
(3.50) 
4.21 
(4.26) 
8.12 
(8.28) 
6.66 
(6.89) 
6.89 
(7.28) 
8.07 
(8.33) 
4.26 
(4.39) 
5.10 
(5.15) 
983^ 
(1030) 
1400c 
(1419) 
7.17 
(7.52) (851) 
1250d 
(1315) 
(1611) 
(809) 
9.23 
(9.29) (689) 
(800) 
(800) 
9.58 636b 
(9.74) (657) 
9.00 
(9.47) (338) 
90% 
60% 
80% 
90% 
80% 
90% 
90% 
30% 
60% 
40% 
75% 
'
3The presence of C-^ Hg in these complexes was confirmed by ^H NMR. Determined in toluene. cDetermined in 
acetone. Actual value observed: 1987. Value corrected for the presence of solvent: 1987/1.4 = 1419. 
Determined in ТНГ. Actual value observed: 1841. Value corrected tor the presence of solvent: 
1841/1.4 = 1315. 
stabilising chelate ring is formed in which the metal is incorporated 
[1-2]. {Mo(CO) [Ph.PC(S)NR] } is the only example known so far, having a 
[ph PC(S)NR] ligand, which coordinates by all three hetero atoms [5]. 
Here, another example, in which P, S and N are bonded to the metal, is 
presented. 
EXPERIMENTAL 
IR spectra were measured on a Perkin-Elmer 577 spectrophotometer 
(4000-200 cm" ), mainly m KBr disks. H and Ρ { Η} NMR spectra were 
recorded on a Bruker WH 90 spectrometer at 90 MHz and 36.44 MHz, respec­
tively, using the deuterated solvent as internal lock. 
Elemental analyses were performed at the element-analytical depart­
ment of the Institute for Organic Chemistry TNO. Mol.weight determinations 
were carried out osmometrically by Prof.Dr.Dipl.-Ing. Η. Malissa and G. 
Reuter, Mikroanalytisches Laboratorium, Elbach über Engelskirchen, W. 
Germany. Analytical data are given in Table 1. 
Reactions were carried out under nitrogen at room temperature in 
analytical grade solvents. [Rh(CO)«С!]» was commercially obtained from 
Strem Chemicals. Ph PC(S)NHPh and Ph C(S)NHMe were synthesized according 
to literature procedures [3,4]. Me NC(S)NHPh was prepared by direct 
addition of Me NH to PhN=C=S in diethyl ether. 
{Rh(CO)Cl[Ph„PC(S)NHR]} la (R = Ph, η = 2); lb (R = Ph, η = 4) ; IIa 
Ζ η 
(R = Me, η = 2) 
On addition of 1.0 mmol Ph PC(S)NHR to a suspension of 0.05 mmol 
[Rh(CO) Cl], in 20 ml toluene, a fast CO evolution was observed. The 
mixture was stirred during two hours. Upon standing, an orange-brown 
precipitate (la and IIa) was obtained. The precipitate was filtered off, 
washed with toluene and diethyl ether and dried in vacuo. On standing for 
a longer time black metallic crystals (lb) were formed. In solution la is 
slowly converted into lb. 
{Rh(CO)[Ph2PC(S)NR]} III (R = Ph) ; IV (R = Me) 
On addition of a small excess of Et^N to a solution of 0.05 mmol 
[Rh(CO)2Cl]2 and 1.0 mmol Ph PC(S)NHR in 20 ml toluene, the initially 
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brown-red colour changed to bright yellow. After stirring for two hours, 
the suspension was diluted with 10 ml n-pentane. The precipitate was 
filtered off, washed with small portions of 1-propanol to remove the 
Et Ν-HCl salt, and finally with n-pentane, and dried in vacuo. 
FhCl(CO)[Ph PC(S)NHR] V (R = Ph); VI (R = Me) 
The reaction mixture, containing 0.05 mmol [Rh(CO) Cl] 9 and 2.1 mmol 
Ph.PC(S)NHR in 20 ml toluene, was stirred for two hours. The suspension 
was diluted with n-pentane. The yellow precipitate was filtered off, 
washed with diethyl ether and n-pentane and dried under vacuum. 
Rh(CO)[Ph PC(S)NR][Ph PC(S)NHR] VIIa,b (R = Ph); Villa (R = Me) 
On addition of a small excess of Et,N to a suspension of 0.05 mmol 
[Rh(CO) Cl] and 2.1 mmol Ph PC(S)NHR in 20 ml toluene, the yellow pre­
cipitate disappeared very fast to yield an orange suspension. After stir­
ring for two hours and after filtration of Et N-HCl, n-pentane was added 
dropwise. Cooling gave an orange-yellow precipitate of Vila and Villa. 
Upon standing for a longer time the orange colour of the solution changed 
to brown-red. Precipitation with n-pentane gave a brown-violet solid of 
VI lb. 
Rh(CO) [Me NC(S)NPh] IX 
Addition of 1.1 mmol Me_NC(S)NHPh to a suspension of 0.05 mmol 
[Rh(CO) Cl]_ in 20 ml toluene showed no reaction. Upon injection of Et,N 
no CO evolution was observed; the colour of the solution turned to orange-
-brown. After dilution with n-pentane, the precipitate was filtered off, 
washed with diethyl ether and dried in vacuo. 
RESULTS AND DISCUSSION 
Scheme 1 summarises the reactions of [Rh(CO)„Cl]. with Ph PC(S)NHR 
in the absence or the presence of a base. It appears that upon addition 
of Ph PC(S)NHR CO evolution rather than breaking of the chloride bridges 
takes place. In the presence of Et^N always HCl elimination occurs. 
However, [RhfCOKCl]. does not react with Me.NC(S)NHPh under the same 
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condxtions, unless Et N is added. In this reaction a CO ligand is not 
eliminated. The reaction of [Rh(CO) CiL with Ph PC(S)NHR proceeds via 
the attachment of the Ph Ρ group to the metal. Obviously, the Ph Ρ group 
possesses such coordinating properties, that it is able to displace a 
CO molecule. 
b[Rh(CO)2Cl]2 
P h 2 P - C - % 4 
CO J 
{RhCl(CO)[Ph
n
PC(S)NHR]} 
λ η 
I a , b , I I a 
P h ^ P - C - N ' H -
2 R Λ 
^Ñ " 
Et N Et N-HCl 
{Rh (CO) [Ph2PC(S)NR]} i , 
I I I , IV 
E t N·HCl 
K P h 2 P - C - N C R 
RhCl(CO)[Ph PC(S)NHR]2 
V, VI Et N Et N·HCl 
Rh(CO)[Ph PC(S)NR][Ph2PC(S)NHR] 
Vlla.b, Villa 
Scheme 1. Survey of the reactions of [№(00) CI] with Ph2PC(S)NHR 
(R = Ph,Me) in the absence or the presence of Et Ν, discussed 
in this paper. 
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Table 2. IR absorptions. Spectra measured in KBr pellets. Values in cm- . 
Ligand absorptions 
a 
919 m 
a 
910 m 
876 m 
915 m 
885 m 
1309 m 
1263 m 
-
1307 w-m 
1275 w 
-
-
-
333 w 
310 w 
-
a 
a 
250 w-m 
274 w 
255 w-m 
_ 
-
-
2190 ш 
-
-
-
3275 m 
3285 w 
3305 m 
-
-
Code Compound ν(C=0) ν(C=N) v(P-C-S) Others v(M-S) v(M-Cl) ν(M-H) v(N-H) 
la {RhCl(CO)[Ph PC(S)NHPh]} 2040 s 1590 s 
2015 s 1492 s 
Ib {RhCl(CO)[Ph PC(S)NHPh]} 2030 s 1551 s 
1989 s 1538 m,sh 
H a {RhCKCO) [Ph PC(S)NHMe]} 2030 s 1595 s 
2005 s 1512 m 
III {Rh(CO)[Ph PC(S)NPh]}4 1972 vs 1580m 
IV {Rh(CO)[Ph PC(S)NMe]} 1967 vs 1595 m 
V RhCl(CO)[Ph PC(S)NHPh] 2005 vs 1537 m 920 w-m - - 280 vw - 3175 m 
3115 w 
VI RhCKCO) [Ph2PC (S) NHMe] 1991 vs 1533 m-s 947 m - - 290 w - 3202 s 
Vila Rh(CO) [Pl^PC (S) NPh]- 1973 vs 1551 ε 924 m - 330 w - - 3180 m 
-[Ph PC(S)NHPh] br 
Vllb Rh(CO)(H)[Ph PC(S)NPh] 1983 vs 1545 m-s 917 w-m - 335 w - 2165 m-s 
br 
Villa Rh(CO) [Pl^PC (S)NMe]- 1970 vs 1595 s 909 m-s - 343 w - - 3225 m 
-[Ph PC(S)NHMe] 1504 m 
IX Rh(CO) [Me NC(S)NPh] 2060 vs 1554 vNCN
a s
 - - 350 m -
Not observed. 
One equivalent of [RhCl(CO) ] reacts with two equivalents of 
Ph PC(S)NHR to give compounds of the general formula 
{RhCl(CO)[Ph PC(S)NHR]} .When R = Ph (I), two forms exist: an orange-
-brown species la (n = 2) and a black compound lb (n = 4). Upon standing 
in solution la is slowly converted to Ib. lb decomposes in chlorinated 
solvents. For II only the orange dimer has been prepared (IIa). 
The IR spectra of la and IIa (see Table 2) show ν(N-H) at about 
3300 cm , two carbonyl absorptions at about 2030 and 2000 cm , and 
v(Rh-Cl) at circa 250 cm , pointing to a structure with CI bridges, where­
as no v(Rh-H) could be observed. With respect to the ligand skeletal vibra­
tions, two (G 1^) stretching frequencies are shown at about 1590 and 1500 
-1 -1 
cm and two absorptions at + 1308 and 1270 cm . No (P-C-S) vibrations 
can be observed in the range of 880-930 cm . The absorption at 1590 cm 
is assigned to viC^-N) of a free-c(S)NHR group, which means that the 
ligand is only P-coordinated. The low value of about 1500 cm for ІС^-Ы), 
points to a fairly low bond order for that C-N bond. This vibration is 
caused by a ligand coordinated to Rh both by Ρ and by S, having an exo-
cyclic -NHR group. The two absorptions at 1308 and 1270 cm are probably 
skeletal vibrations of this P,S-coordinated Ph PC(S)NHR ligand. 
1 
In the Η NMR spectra of la and IIa (see Table 4) a resonance is 
observed at δ « 9 ppm. Based on the relative intensity of this signal it 
is concluded that only half o'f the N-H gioups present in the complex give 
rise to this signal. We believe the resonance at 9 ppm to arise from the 
N-H group of the P,S-coordinated ligand. The 6 of the P-coordinated 
N—Η 
ligand is not separately observed, but is probably masked by the aromatic 
proton pattern. As shown in Table 4 this is not unusual. The spectrum of 
IIa exhibits two CH signals at 3.27 and 3.38 ppm, further confirming the 
presence of two different types of phosphino ligands. 
31 
The Ρ NMR spectra of la and IIa (Table 3, Figure 1) show two 
octets at about -60 ppm with J(Rh-P) pa 124 Hz, arising from a mono-
dentate, P-coordinated ligand and at -12 ppm with J(Rh-P) fa 85 Hz, 
arising from a bidentate ligand, in which the Ph Ρ group is incorporated 
in a four-membered chelate ring. This is in agreement with earlier assign­
ments made for the compounds Rh(PPh ) [Ph PC(S)NR] (R = Ph,Me) [1-2]. 
4 
Further it is shown that J(P.-P.) amounts to + 12 Hz. The small couplings 
of about 6 and 2 Hz are J(Rh-P) couplings. Deuteration of the ligand, 
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Table 3. Ρ { H} NMR parameters. Spectra recorded at -50 C. Solvent: CDC1 . 
6 in ppm relative to Η PO (85% solution) (Upfield = +); J in Hz. 
Code 
l a 
H a 
I I I 
IV 
V 
VI 
V i l a 
V l l b 
V i l l a 
Compound 
{RhCl(CO)[Ph PC(S)NHPh]} 
{RhCl(CO) [Ph PC(S)NHMe]} 
{Rh(CO) [ P h 2 P C ( S ) N P h ] } 4 
{Rh(CO)[Ph 2 PC(S)NMe]} 4 
RhCl(CO) [Ph PC(S)NHPh] 
RhCl(CO) [Ph PC(S)NHMe] 
Rh(CO) [ P h 2 C ( S ) N P h ] -
-[Ph 2 PC(S)NHPh] 
Rh(CO) (H) [Ph 2 PC(S)NHPh] 2 
Rh(CO) [Ph2PC(S)NMe]-
- [ P h PC(S)NHMe] 
5 i 
- 6 5 . 5 
- 5 9 . 2 
- 7 .2 
- 5 . 4 
- 4 4 . 9 
- 4 1 . 3 
- 5 4 . 8 
+ 2 4 . 6 
- 5 1 . 3 
^ ( R h - P j ) 
122.7 
126 .3 
132.5 
134.2 
123.0 
126.2 
138 .3 
7 0 . 8 
141.6 
6 2 
- 1 2 . 3 
- 1 0 . 7 
+ 6 . 3 
+ 2 7 . 3 
+ 9 . 1 
1 J ( R h - P 2 ) 
8 5 . 4 
8 5 . 8 
9 8 . 3 
7 0 . 8 
9 9 . 7 
2 J ( R h - P 2 ) 
4 j
 1 2 . 8 
305.0 
t r a n s 
e 
3 0 2 . 0 
t r a n s 
3 J ( R h - P 1 ) 
1 . 8 
2 . 5 
3 J ( R h - P 2 ) 
6 . 1 
6 . 5 
a 
b 
c,d 
The spectrum of lb could not be measured, because lb decomposes slowly in solution. 
The spectrum of V, measured at -25 C, shows one broad signal at about -42 ppm. 
cIn the spectrum of Vllb no hydride-couplings are observed. 
The spectrum of Vllb, measured at -25 C, shows one broad signal at about +25 ppm. 
eThe JtP.-P-K coupling could not be determined. 
1 2 trans 
yielding Ph PC(S)NDR and subsequent reaction with [Rh(CO)„CiL· gives the 
analogous complex {RhCl(CO)[Ph PC(S)NDPh]} . From its spectral data the 
presence of a Rh-H bond in la and IIa can be excluded. The probable 
structure of la and IIa is presented below. This is the first example of 
a complex containing a bidentate protonated Ph PC(S)NHR ligand (Figure 2), 
. ~^ >л·^ / ^"Чллл- ' 
-70 -65 VA δ (ppm) 
F i g u r e 1. The Ρ NMR s p e c t r u m of {RhCl(CO)[Ph PC(S)NHPh]} ( l a ) . 
OC, 
\ , R h ' 
R 
1 
N-
* - ( / 
- C L I 1 
;Rh — PPh, 
N — C — Ρ 7k ^"Cl^ I © 
H / II Ph2® ι 
Figure 2. The probable structure of {RhCl(CO)[Ph PC(S)NPh]} 
la (R=Ph), IIa (R=Me). 
The IR spectrum of the tetranuclear compound lb shows a Rh-hydride 
absorption at 2190 cm" and v(N-H) at 3285 cm" . The value of v(C-N) at 
1551 and 1538 cm are normal for a P- and a Ρ,Ξ-coordinated ligand, 
respectively. No vibrations at about 1310 and 1270 cm are observed. For 
solubility reasons the Ρ NMR spectrum could not be measured, so that the 
structure of lb is not clear at this time. 
The IR spectra of the tetrameric compounds III and IV, 
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Table 4. H NMR parameters, б m ppm relative to TMS. Measured in CDC1 at -50 С 
Code Compound V H K-1^ Ligand R.I. 
бСН^ 
Toluene R.I. 
SCH, 
Intensity 
Arom. Alif. 
la 
Ц а 
III 
IV 
V 
VI 
Vila 
VI lb 
Villa 
IX 
{RhCl(CO) [Ph PC(S)NHPh]}2· 
.0.6 с 7н а 
lb {RhCl(CO) [Ph PC(S)NHPh]}4-
. 0 . 4 C 7 H 8 
{RhCKCO) [Ph PC(S)NHMe]} 
{Rh(CO) [ P h 2 P C ( S ) N P h ] } 4 · 
•0.4 C 7 H 8 
{Rh(CO) [Ph PCI (S)NMe] }4· 
•o.e с 7 н 8 
RhCl(CO) [Ph PC(S)NHPh] 
ШіСІ(СО) [Ph2PC(S)NHMe] 2 
•0.05 
Rh (CO) [Ph2PC(S)NPh] 
-[Ph PC(S)NHPh]-0.3 
Rh(CO) (H) [Ph PC(S)NPh]2 
0.05 C 7H 8 
-0.3 с 7н е 
Rh(CO) [Ph PC(S)NMe]-
-[Ph„PC(sTN[IMe]-0.1 C_HD 
Ζ /ti 
Rh(CO)2[Me2NC(S)NPh] 
8.77 0.5 
9.45 0.5 
θ.02 2 
br 
9.79 1 
3.38 
3.27 
3.44 
3.29 
3.28 
3.37 
3.28 
2.83 
1.5 
1.5 
2.39 1.0 
2.38 0.3 
2.39 0.3 
2.39 0.5 
2.39 0.2 
2.38 
2.38 
2.37 
0.9 
1.0 
0.3 
17 
16 
10 
15.5 
11 
0 . 3 
3 
0 . 3 
3.5 
21 6.2 
31.5 1 
32 
22 
1 
6.3 
& not observed. Measured in acetone-d,. at +25 C. Measured in CDC1, at +25 C. δ , not observed 
N-H 6 3 Rh-H 
e о 
m hydride range. Measured in CDC1 at +25 С 
R.I. = Relative intensity. 
_ 1 
{Rh(CO)[Pn2C(S)NPh]}4 display only one CO vibration at about 1970 cm . 
No v(N-H) is shown. The ligand skeletal absorptions deviate somewhat from 
the normal pattern. Apart from the fairly high value for viG^-N) of + 
1590 cm , two otner vibrations at circa 910 and Θ80 cm are observed, 
giving evidence for an unusual mode of coordination of the ligand. In the 
H NMR spectrum of IV only one resonance for the CH substituent is 
31 1 
found. The Ρ NMR spectra show a doublet with S fa -6 ppm and J(Rh-P) R* 
133 Hz. The value of J(Rh-P) demonstrates that the ligand is end-on 
coordinated via P. However, there is a remarkable upfield snift in 5 of 
40-50 ppm in comparison with δ in complexes having an end-on P-coordinated 
Ph PC(S)NHR ligand. This shielding effect affirms the participation of 
the other hetero groups in the interaction with rhodium. These observations 
are in good agreement with the spectroscopic data, reported for 
{Mo(CO) [Ph PC(S)NMe]J . The X-ray structural analysis of this compound 
has revealed two of the four hetero allyls to coordinate through P, S 
and N [5]. Based on these considerations we propose the structure of III 
and IV to be as given in Figure 3. 
CO 
R \ NR 
OC-^ ^ N ^ _^Rh ι 
-RhCT X Ρ , ι 
Ph, / S . -^PPh, 
I » p i — c ' J;Rh 
Ν-" , ^N"^ ^CO 
R \ R 
CO 
Figure 3. The structure of {Rh(CO)[Ph PC(S)NR]} 
ill (R = Ph); IV (R = Me) 
Complexes V and VI show in the IR spectrum v(N-H) at +_ 3200 cm , 
v(CO) at +_ 2000 cm" and v(Rh-Cl) at + 285 cm . The ligand absorptions 
are normal for P-coordinated Ph^PCtSJNHR. The values of the Ρ NMR para­
meters (doublet; δ « -43 ppm, 1J(Rh-P) » 125 Hz) are in accordance with 
the values for the P-coordinated ligands in compounds la and IIa. At 
ambient temperature the spectra of V and VI show one broad signal as a 
result of dynamic behaviour of the phosphino ligands (see Figure 4). 
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H s \ Il Ph, 
N _ C _ P CO 
R / Rh .R 
Cl P — C — N 
P h2 II \ 
Figure 4. The structure of RhCl(CO) [ Ph 2PC(S)NHR] 
V (R = Ph) ; VI (R = Me) 
The IR spectra of the monomeric complexes Vila and Villa and the H 
NMR spectrum of Villa point to the presence of one P-coordinated 
Ph PC(S)NHR and one P,S-coordinated [Ph PC(S)NR] ligand in these com­
plexes. The Ρ NMR spectra of Vila and Villa at -50 С show a downfield 
quartet (δ f« -53 ppm) with J(Rh-P) R¡ 140 Hz and an upfield quartet (6 « 
+ 7 ppm) with J(Rh-P ) fa 99 Hz. The two phosphino groups are in trans 
2 
position to each other, as indicated by the large value for JtPj-P^ of 
circa 304 Hz. At ambient temperature the phosphino ligands again display 
dynamic behaviour (see Figure 5). 
ОС
 P P 2 © 
H\ / R v /C=NR 
R' I P h 2 ® 
Figure 5. The structure of Rh(CO)[Ph PC(S)NR] [Ph PC(S)NHR] 
Vila (R = Ph); Villa (R = Me) 
Under certain conditions intramolecular oxidative addition may occur, 
resulting in Vllb. v(Rh-H) is observed at 2165 cm . (In the corresponding 
complex, obtained from the deuterated ligand Ph PC(S)NDPh, an absorption 
at this wavenumber is lacking). Nevertheless, & (Rh-H) is not found in the 
H NMR spectrum and no hydrido couplings are shown in the Ρ NMR spec­
trum. The almost equivalence of both Ρ nuclei leads us to the structure 
given in Figure 6. 
Compared with Ph2PC(S)NHR, the amino-analogue Me NC(S)NHPh is much 
less reactive. It is not able to displace a CO ligand in [Rh(CO) Cl] . As 
indicated by its IR spectrum complex IX contains two inequivalent CO mole­
cules and a S,N bidentate coordinated [Me NC(S)NPh]e ligand [2]. The 
spectral parameters and therefore the structure of IX and Rh(CO) -
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Ph 
Ν 
С — Ρ
 2 
ι I 
S - R N H 
\Л 
// P h 2 
N 
Ph 
Figure 6. The structure of RhH(CO)[Ph PC(S)NPh] , Vllb. 
-[Me.NC(S)NPh] [6] resemble each other (Figure 7), 
Ph 
o c \ А /сиз 
Rh С — Ν 
о с ^ Ν
κ Ч
СНз 
Figure 7. The structure of Rh(CO) [Me NC(S)NPh], IX. 
In summary three different modes of coordination for the 
[Ph PC(S)NR] system occur: 
1 (2) In its protonated form generally terminal coordination (η ) via Ρ is 
obtained. 
in) We have found one example, viz. {RhCl (CO) [Ph PC (S)NHR] } , in which 
one of the protonated phosphino ligands coordinates through both Ρ 
and S, which mode of coordination is quite normal for the deproto-
nated ligand. 
(in) In its deprotonated form the ligand may coordinate through both P, 
S and N, if the metal centre is coordinatively unsaturated. 
REFERENCES 
1. A.W. Gal, J.W. Gosselink and F.A. Vollenbroek, J.Organomet.Chem., 142 
(1977) 357. 
2. D.H.M.W. Thewissen, H.P.M.M. Ambrosius, H.L.M. van Gaal and J.J. 
Steggerda, J.Organomet.Chem., 192 (1980) 101; this thesis: Chapter III. 
3. K. Issleib and G. Harzfeld, Chem.Ber., 97 (1964) 3430. 
4. K. Issleib and G. Harzfeld, Z.allg.anorg.Chem., 351 (1967) 18. 
5. H.P.M.M. Ambrosius, J. Willemse and J.A. Cras, Proceedings of the Third 
Intern.Conf. on Chemistry and Uses of Molybdenum, Ann Arbor (1979). 
6. F.A. Cotton and J.A. McCleverty, Inorg.Chem., 10 (1964) 1398. 
77 

Journal of Organometallic Chemistry, 172 (1979) 69—79 
© Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands 
CHAPTER VI 
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Summary 
The reaction of the rhodium(I) complexes Rh[X—C(Z)—Y](PPh3)2, in which 
[X—C(Z)—Y]" is an unsaturated hetero-allylic chelate coordinating via two of 
the three hetero atoms (Χ, Υ, Ζ = Ν, Ρ or S), with an excess of the hetero-
allene molecule R—N=C=S (R = Ph, Me) leads to the formation of the isocya-
nide-dithiocarbonimidato complexes Rh[X-C(Z)-Y](RNC)(RNCS2)(PPh3)2 
by disproportionation of the isothiocyanates. Evidence is presented that this 
disproportionation reaction proceeds in three consecutive steps. Initially a 
cumulene molecule is coordinated side-on by the C=S double bond to Rh. This 
is followed by attack of the carbon atom of a second hetero-allene at the endo-
cyclic nucleophile of the moiety 
C ^ 
— I I 
s 
i.e., sulphur, which results in an immediate template dimerisation of the iso­
thiocyanates. In the subsequent step elimination of CNR occurs, leading to the 
final rhodium(III)—isocyanide-tdithiocarbonimidato complexes. The Rh(III)-
(RNCJÍRNCSj) complexes react with PPhj by sulfur abstraction from 
(RNCS2)2-, resulting in Rh[X-C(Z)-Y](RNC)(PPh3), which is readily 
oxygenated to Rh[X-C(Z)-Y](RNC)(PPh3)(02). 
Introduction 
The chemistry of hetero-allenes X'=C=Y' (X', Y' = S, NR, О or CRj) with 
transition metals has been the subject of several investigations. Often the 
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T A B L E 1 
A N A L Y T I C A L D A T A 
Calculated values in parentheses 
Code C o m p o u n d 
la R h C l ( P h N C ) ( P h N C S 2 ) ( P P h 3 ) j 
l b RhCUMeNC)(MeNCS2)(PPh3)2 
Ha R h [ S C ( S ) N E t 2 K P h N C ) ( P h N C S 2 ) ( P P h 3 ) 
l i b R h [ S C ( S ) N E t 2 ] ( M e N C ) ( M e N C S 2 ] ( P P h 3 ) 
I l ia R h [ P h N C ( S ) N M e 2 ] ( P h N C ) ( P h N C S 2 ) ( P P h 3 ) 
Hlb R h [ P h N C ( S ) N M e j ] ( M e N C ) ( M e N C S j ) ( P P h 3 ) 
IVa R h [ P h j P C ( S ) N P h ] ( P h N C ) ( P h N C S 2 ) ( P P h 3 ) 
IVb R h [ P h 2 P C ( S ) N P h ] ( M e N C ) ( M e N C S 2 ) < P P h 3 ) 
Va R h [ P h 2 P ( S ) C ( S ) N P h J ( P h N C ) ( P h N C S 2 ) ( P P h 3 ) 
V ia R h C l ( P h N C ) ( P P h 3 ) 2 ( 0 2 ) 
С (%) H (%) Ν (%) S (%) Colour 
6 3 , 8 4 . 4 2.8 orange 
( 6 4 . 3 ) 
5 9 . 5 
( 5 9 . 4 ) 
56.7 
( 5 6 . 7 ) 
4 8 . 9 
( 4 9 . 2 ) 
6 0 . 3 
( 6 0 . 4 ) 
5 4 . 1 
( 5 3 . 9 ) 
6 3 . 2 
( 6 4 , 1 ) 
5 7 . 2 
( 5 9 . 2 ) 
6 0 . 3 
( 6 2 . 0 ) 
6 3 . 5 
( 6 4 . 7 ) 
( 4 . 3 ) 
4 .5 
( 4 . 1 ) 
4.7 
( 4 . 5 ) 
4.7 
( 4 . 5 ) 
4.7 
( 4 . 5 ) 
4.7 
( 4 . 7 ) 
4.7 
( 4 . 2 ) 
4 .3 
( 4 . 4 ) 
4.1 
( 4 . 1 ) 
4.6 
( 4 . 4 ) 
( 3 . 0 ) 
3.5 
( 3 . 5 ) 
5.5 
( 5 . 4 ) 
6.1 
( 6 . 4 ) 
6.6 
( 6 . 9 ) 
7.6 
(β .1 ) 
4 .3 
( 4 . 4 ) 
4.9 
( 5 . 1 ) 
4.0 
( 4 . 3 ) 
1.9 
( 1 . 8 ) 
11.7 
( 1 1 . 8 ) 
yel low-orange 
orange-red 
ye l low-o range 
orange 
y e l l o w 
yel low-orange 
y e l l o w 
orange-red 
b r o w n 
hctoro-allone molecule is bonded via an Tj'-coordination of one of the hetero 
atoms [2- -4] . Insertion into a M—L bond (L = H, R, SR, PR 2 , NR 2 , PR3, halide 
etc.) may give pseudo-allylic derivatives [2 - 1 0 ] . With low-valent metal com­
plexes, T}2-(side on) coordination occurs. This mode of coordination is fairly 
easily realised for the C-S fragment of the heterocumulene [2,11—13]. 
In this paper the reaction of rhodium(I) hetero-allylic chelate complexes 
R h [ X - C ( Z ) - Y ] ( P P h 3 ) 2 with an excess of R-N=C-=S (R = Ph, Me) is described. 
Their reaction with CS 2 will be reported later [ 1 9 ] . 
In 1967 it was reported [13] that the reaction of CS 2 and of RNCS with 
RhCl(PPh 5 ) 3 leads to RhCl(a-CS2)(7r-CS2)(PPh3)2 (A) and RhCl(a-RNCS)-
(7r-RNCS)(PPh3)2 (B), respectively. Recently Powell et al. [14] investigated the 
latter reaction. They obtained rhodium(III)—isonitrile—dithiocarbonimidato 
complexes and reformulated complex (B) as RhCl(RNC)(RNCS 2 )(PPh3) 2 . They 
also studied the reaction of RNCS with Ru(CO) 2(PPh3) 3 in which rutheni-
um(II)—isonitrile—dithiocarbonimidato complexes were formed. Earlier, the 
dithiocarbonimidato complex Pt(RNCS 2 )(PPh3) 2 (R = Ph, Me) was obtained as 
the major product in the reaction of Р1(РРЬз)4 or Pt(7r-RNCS)(PPh3 ) 2 with 
excess RNCS [ 1 5 ] . Itoh et al. [16,18] isolated the complex P d [ E t C ( 0 ) N C S 2 ] -
(РРЬзЬ from the reaction of Ра(РРЬз) 4 with EtC(0)NCS. RhCl(PPh3)3 was 
found to react with two molecules PhC(0)NCS [17] and three molecules 
EtOC(0)NCS [ 1 8 ] . The X-ray structure of the resulting complexes were deter­
mined. The reaction of anionic Mn—carbonyl complexes with RNCS were 
desenbed by Knox et al. [ 4 0 ] . 
Similar reactions were reported of NR and О containing heterocumulenes. 
Dimerisation of COj [20] and of P h 2 C = C = 0 [21,22] to chelating ligands and 
catalytic trimerisation of isocyanates [23] were published. The reactions of 
PhNCO with i ron-carbonyl complexes [24,25] and PdiPPhj),, and RhCl-
(РРЬз)з [26] gave deprotonated urea [ R N C ( 0 ) N R ] 2 ~ dérivâtes, whereas 
Fe(CO)5 and RNCNR reacted to give deprotonated guanidine compounds 
[RNC(NR)NR] 2 - [ 2 7 ] . 
Experimental 
IR spectra were measured on a Perkin—Elmer 283 spectrophotometer 
(4000—200 cm" 1 ) . 31P { Ή } NMR spectra were recorded on a Varían XL 
100-FT spectrometer at 40.5 MHz, using the deuterated solvent as internal 
lock. Solutions for NMR measurements were prepared in a glove-box. C, Η and 
N analyses were carried out at the Microanalytical Department of this Univer­
sity; other analyses and molecular weight determinations were performed by 
Prof. Dr. H. Malissa, Mikroanalytisches Laboratorium, Elbach über Engelskir-
chen, G.F.R. Analytical data are given in Table 1. 
Reactions were carried out in analytical grade solvents under nitrogen. RhCl-
(РРЬз)з [28] and R h [ X — С ( 2 ) - ](РРЬз) 2 [29,30] were prepared according t o 
literature procedures. 
RhCl(PhNC)(PhNCS^(PPhi).l (la) 
This complex was prepared as described by Powell et al. [14 ] . 
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RhCl(MeNC)(MeNCS2)(PPh3)2 (Ib) 
The procedure followed was analogous to that for la. MeNCS was used in 
excess. Yield: 70%. 
Rh[SC(S)NEt.J(RNC)(RNCS2)(PPhi) (IIa: R = Ph; IIb: R = Me) 
An excess of oxygen-free RNCS was added to a solution of 300 mg Rh[SC-
(SJNEtîKPPhjJj in 50 ml benzene. The mixture was stirred and heated at 60°С 
for 2 h. After cooling to room temperature, n-hexane was added and the orange 
precipitate filtered off, washed with ethanol and diethyl ether, and dried under 
vacuum. Yield: Ha, 60%; IIb, 70%. Mol. wt. IIa in acetone: found, 806; caled., 
783. 
Rh[PhNC(S)NMeJ(RNC)(RNCS2)(PPh3) (Ilia: R = Ph; Illb: R = Me) 
An excess of RNCS was added to a solution of 300 mg Rh[PhNC(S)NMe2]-
(PPh3)2 in 50 ml benzene or toluene. The mixture was heated at 60 еС for 2 h. 
The orange complex was precipitated with n-hexane, washed with ethanol and 
diethyl ether and dried under vacuum. Yield: Ilia, 75%; Illb, 70%. 
Rh[PhJ>C(S)NPh](PhNC)(PhNCS2)(PPh3) (IVa: R = Ph; IVb: R = Me) 
A mixture containing 300 mg Rh[Ph2PC(S)NPh](PPh3)2, excess RNCS and 
50 ml benzene or toluene was heated at 60° С during 3 h. After precipitation 
with n-hexane, the yellow complex was washed with ethanol and diethyl ether 
and dried in vacuo. Yield: IVa, 45%; IVb, 40%. 
Rh [Ph
 2P(S)C(S)NPh](PhNC)(PhNCS2)(PPh 3) ( Va) 
300 mg Rh[Ph2P(S)C(S)NPh](PPh3)2 was dissolved in 50 ml toluene and an 
excess of PhNCS was added. After heating the mixture for 3 h at 60e C, the 
complex was precipitated with n-hexane, washed with ethanol and diethyl 
ether, and dried in vacuo. Yield: 50%. 
RhClfPhNCMPPhihfOi) (Via) 
200 mg of complex la was dissolved in toluene and an excess of PPhj was 
added. The mixture was refluxed for 2 h. The brown product was precipitated 
with n-hexane and washed with diethyl ether. Yield: 70%. 
Results 
Reactions and products 
The starting compounds are rhodium(I) complexes of the type Rh[X—C-
(Z)— ](РРЬз)2. [X—C(Z)—Y]" represents a uninegative bidentate ligand 
(Fig. 1), in which three hetero atoms, Χ, Y and Z, are bonded to the central 
carbon atom. These ligands are often termed pseudo- or hetero-aUyls, because 
of their electronic resemblance to the allylic anion [31]. 
The rhodium(I) complexes were reported previously [1,29]. On treating the 
rhodium(I) complexes with an excess of RNCS (R = Ph, Me) we obtained the 
rhodium(III)—isocyanide—dithiocarbonimidato complexes shown in Fig. 2. 
IR spectra 
The IR spectra of the orange air-stable complexes I—V exhibit absorptions 
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Θ C-Z Θ C-NEt 7 С-NMe, θ C-PPh, Θ C-PPh, 
Y S Ν Ν Ν ' 
Ph Ph Ph 
1
 H I I I I V 
Fig. 1 The unsaturated hetero-allyhc chelating ligands 1 to iv 
in the region 2230—2130 cm"1 attributed to у(С=М) of the coordinated isocya-
nide and 1578—1537 cm"1 and 927—915 cm"1 assigned to r(C=N) and 
v(Q—S), respectively, of the bidentate dithiocarbonimidato ligand. The y(C=N) 
values for the (RNCS2)2" ligands of the complexes I—V are similar to the 
i'(C=N) values of (RNCS2)2~ found for the complexes RhCl(RNC)(RNCS2)-
(PPhjb, [14],Pt(RNCS2)(PPh3)2 [15] and Ru(CO)(RNC)(RNCS2)(PPh3)2 [14]. 
The C—S absorption is 30—40 cm - 1 lower than in the complexes of analogous 
W-cyano-carbimato ligands [NC-N=CS 2 ] 2 " [32,33]. 
The stretching vibration frequency of the exocyclic C—N of the chelating 
hetero-allylic ligand does not differ significantly between the rhodium(III) 
complexes and the rhodium(I) starting compounds. This indicates that the 
mode of coordination of the ambidentate ligands in the rhodium(I) compounds 
remains unchanged in the rhodium(III) complexes. The most important IR 
absorptions are shown in Table 2. 
3 , P {'Я} NMR spectra 
The values of the parameters of the recorded 3 1 P {Ή} NMR spectra are sum­
marised in Table 3. For solubility reasons not all spectra could be measured. 
f P h 3 
CI 1 .S .^R 
^ R h ^ N : = N ' 
R N C " | ^ 5 
PPh 
(1) 
P P h , 
1 J 
RNC ' ,S 
/ r P P h 2 
Ph 
= N 
PPh- PPh, 
R N C
^ ' K ' R R N C ^ ' ^ 5 - . χ " 
^ R h C = N ^ R h ^C=N 
S " ) ^ S ' P h - N ^ | ^ s x 
E l
 Et M e Me 
(in (im 
PPh, (Pi) 
I J (Pî) 
^R PhNC^ 1 ^
 x Ph 
, . ' 1 - » ' 
P h
 Ph2 
( i v » ( V ) 
Fig. 2 Probable structures of the rhodiimi(III) complexes (R = Ph, Me). 
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TABLE 2 
IR A B S O R P T I O N S ( c m " 1 ) 
AU spectra measured in Csl pel lets 
Code C o m p o u n d 
Ia RhCl(PhNC)(PhNCS2)(PPh3)2 
Ib RhCl(MeNC)(MeNCS2)(PPh3)2 
IIa R h [ S C ( S ) N E t 2 ] ( P h N C ) ( P h N C S 2 K P P h 3 ) 
IIb R h [ S C ( S ) N E t 2 ] ( M e N C ) ( M e N C S 2 ) ( P P h 3 ) 
l i la R h [ P h N C ( S ) N M e 2 K P h N C ) ( P h N C S 2 ) ( P P h 3 ) 
Il lb R h I P h N C ( S ) N M e 2 ] ( M e N C ) ( M e N C S 2 X P P h 3 ) 
IVa R h [ P h 2 P C ( S ) N P h ) ( P h N C ) ( P h N C S 2 ) ( P P h 3 ) 
IVb R h l P h 2 P C ( S ) N P h ] ( M e N C ) < M e N C S 2 ) ( P P h 3 ) 
Va R h l P h 2 P ( S ) C ( S ) N P h ] ( P h N C ) ( P h N C S 2 ) ( P P l i 3 ) 
( R N C ) 
HC-N) 
2 1 6 5 s 
2 2 3 0 э 
2 1 5 2 s 
2 2 1 5 9 
2 1 5 4 s 
2 2 1 0 s 
2 1 6 3 s 
2 2 1 7 s 
2 1 3 0 s 
( R N C S j ) 2 " 
K C = N ) 
1557VS 
1560VS 
1 5 3 7 v s 
1578VS 
1 5 5 5 ( s h ) 
1 5 7 2 ( s h ) 
1 550V9 
1 5 7 0 ( s h ) 
1 5 4 5 ( s h ) 
^(C S) 
9 2 7 w 
η о. 
9 1 5 m 
9 1 5 w 
9 2 7 m 
9 2 3 w 
9 2 7 m 
9 2 4 m 
9 2 1 m 
( X - C ( Z ) - Y r 
i ' ( C = N ) 
1497VS 
1493VS 
1535VS 
1535V9 
1 5 6 3 ( s h ) 
1 552VS 
1566VS 
The 'JiRh-P) values of 89-115 Hz for PPhj and of 64 and 70 Hz for [РУ^РС-
(S)NPh]" are consistent with a six-coordination of the rhodium [39]. In la the 
two РРЬз groups are in transposition to each other. The spectrum of lib indi­
cates that there exist two isomers. In the spectrum of IVa the value of ^ ( P , — P2) 
(518 Hz) points to a irons configuration of the phosphine ligands. In Va the 
PPhs and —SPPh2 groups are irons ligands, as is indicated by the value of '</(?,— 
P2) (9 Hz). This value is almost the same as that of VfPj—PaHrans in КЩРЬзР-
(S)C(S)NPh](PPh3)2, the structure of which has been established on other 
grounds (to be published). 
The reactivity of some rhodium(III)—isocyanide—dithiocarbommidato com­
plexes towards PPh3 
The (RNCS2)2" fragment is susceptible to sulphur abstraction by phosphine. 
Powell et al. [14] obtained SPPha and ШіСЦРЬЖЖРРЬзЬ from the reaction of 
РРЬз with RhCl(PhNC)(PhNCS2)(PPh3)2, which points to the formation of 
PhNCS. 
We treated the rhodium(III)—isocyanide—dithiocarbonimidato complexes la 
and IVb with excess РРЬэ in refluxing toluene, and observed the formation of 
PPh 
c 4 ' ^\ 
^ f l h X = N P h 
P h N c ' I N ' 
PPh 
PPh, 
PhNCS 
P P h , SPPh, 
^ V 3 
MeNCS 
PPhj SPPh, 
4 У M*NC I / S v R h 4 C=NMe 
s'|V 1 L^ 
Ph 
v^ . 
PhNc' ^ P P h , 
Ph3P . 5 ^ J
 ^ R h ^ C = N P h / v_ 
MeNC PPh, 
PPh 3 
P h N C ^ I " ^ 0 
PPh, 
PPh3 
MeNC I
 x 0 
"-Rh I 
- - P P h , 
N 
Ph 
Fig. 3 Sulphur abstraction react ion b y Р Р Ь з , fo l lowed by uptake of a d i o x y g e n m o l e c u l e . 
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T A B L E 3. 3 I P { Ή } NMR P A R A M E T E R S O F R h ( R N C ) ( R N C S 2 ) COMPLEXES 
S in ppm t e U t i v e t o 0 = Р ( О М е ) з (TMP), internal reference, u p h e l d = +, J in Hz. All spectra were recorded in CDaClj , the spectrum of R h [ P h 2 P ( S ) C ( S ) N P h ] -
(PPh3)2 was measured in C^D^. 
Code C o m p l e x PPhj 
'./(Rh—Ρ) Group trans 
-PPh 2 /-SPPh 2 
V ( R h — P ) n J ( P — P j ) 
CI 
^ R h N C = N P h 
P h N C ^ I ^ 
PPh, 
- 1 1 . 2 
I U . R - Ph 
IIb, R - Me 
IVa, R - Ph 
І Ъ. R - Me 
PPh 
5' | ^ s ' 
El : 2 N 
RNC 
S 
О 
P | P h 3 
1
 S 
1 4 Rh'' Ч С = 
Ph
N
 © 
-ыч 
PPh 
PhNC I ^ S 
> h ; c = N P h 
, 5 ^ | - S ^ 
н*
 5 
P h
 ^
P h 2 
^'\SPh> ,Ρ,, 
© * 
— 2 8 . 6 
- 3 3 . 8 
- 2 8 . 0 
- 2 4 . 3 
- 2 4 . 5 
— 2 6 . 3 
- 4 5 . 8 
—39 3 
1 0 1 
1 1 3 
1 1 5 
89 
87 
1 8 6 
1 6 1 
— P P h 2 
— P P h 2 
—SPPh-2 
+24.0 
+ 2 1 . 8 
— S P P h j — 3 7 . 7 
S C ( N P h ) — 
70 5 1 8 2 J ( P i - P 2 ) 
4 8 0 2 J ( P I - P 2 ) 
9 3 J ( P , - P 2 ) 
4 3 г А Р 1 - Р 2 ) е и 
Э ^ ( Р , — Р з ) trant 
3 6 3 J ( P 2 — Р з ) Cl« 
TABLK 4 
IR ABSORPTIONS ( c m - ' ) 
AU spi'ctra were measured in C^Hg solution. 
Code Compound (RNC) (Oj) (X—C(Z)-Y] -
i^(C"N) y(O-O) v(C=N) 
Vil RhCI(PhNC)(PPh3)2 
Via RhCl(PhNC)(PPh3)j(02) 
Villi RhlPh2PC(S)NPh](MeNC)CPPh3) 
VIII2 ΗΗ[ΡΗ2ΡΟ(5)ΝΙ·Η)(ΜβΝΧ)(ΡΡ1ΐ3)(θ2) 
VIII3 Rh[Ph 2PC(S)NPhKPhCH 2NC)(PPh3) 
V1II4 Rh[Ph2PC(S)NPh](I , hCH 2 NC)(PPh3)(0 2 ) 
RhCl(PhNC)(PPh3)2 and Rh[Ph2PC(S)NPh](MeNC)(PPh3) with liberation of 
RNCS. These complexes can be detected by an intense i^C-^N), typical for 
rhodium(I)(RNC) complexes [37,38]. The formed rhodium(I)(RNC) com­
plexes easily coordinate dioxygen, resulting in RhCl(PhNC)(PPh3)2(02) and 
Rh[Ph2PC(S)NPh](MeNC)(PPh3)(02). We have prepared Rh[Ph2PC(S)NPh]-
(PhCHjNOÍPPhj) and Rh[Ph2PC(S)NPh](PhCH2NC)(PPh3)(02) by an indepen-
dent route from Rh[Ph2PC(S)NPh](PPh3)2 and PhCH2NC in benzene. The IR 
parameters of the compounds are given in Table 4. 
A different behaviour, however, was observed with the complexes IIa and 
lib. On refluxing these compounds with an excess of РРЬз in toluene a substitu­
tion occurs, in which the coordinated isocyanide ligand is displaced by РРЬз-
The dithiocarbonimidato ligand remains unaffected. The resulting compounds 
are not yet fully characterized. 
Discussion 
The reaction may proceed in three consecutive steps (Fig. 4). 
(a) Initial step: uptake of one RNCS molecule to form an TJ 2 -RNCS complex. 
(b) Second step: uptake of another RNCS molecule followed by dimerisa-
tion of the two RNCS'molecules. 
(c) Final step: elimination of RNC to give the rhodium(III)—isocyanide— 
dithiocarbonimidato complex. 
The overall reaction can be regarded as a disproportionation of the hetero-
cumulene. 
In the initial step Rh[X—C(Z)—¥](РРЬз)2 takes up one molecule of RNCS 
to form a square planar rhodium(I) derivative (C) in which the heterocumulene 
molecule is coordinated side-on. Such four-coordinate Rh complexes with 
side-on coordinated hetero-allenes have been identified previously in the case of 
RhCl(PCy3)2(cumulene). The bulkiness of РСуэ permits isolation of these inter­
mediates [11]. We have found similar intermediates in the reaction of CS2 with 
the rhodium(I) complexes Rh[X-C(Z)-Y](PPh3)2 of ligands [X-C(Z)-Y]" (i) 
to (iv) [19]. We did not observe such intermediates in the present reactions. 
The complex (C) reacts rapidly in the second step with another molecule of 
RNCS leading to a dimerisation of the hetero-allene molecules at the rhodium 
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Fig. 4 The proposal scheme for the reaction between rhodium(I) complexes and RNCS molecules (R = Ph, 
Me). 
Fig. 5 The structure of RhCl[EtC(0)NCS] 2 (PPh3)2. 
center (D). This dimensation may be seen as an electrophilic attack on the 
endocyclic nucleophile of the ^-coordinated RNCS, i.e. sulphur, by the central 
carbon atom of the second molecule. Probably the second molecule is coordi­
nated to Rh before the attack takes place, so that this reaction is a template 
process. This is supported by the behaviour of RhCl(PCy3)(RNCS). In this com­
pound a second RNCS molécule cannot occupy a coordination site because of 
steric hindrance caused by the РСуз ligands, but it is expected to be able to 
approach an exposed coordinated sulphur atom. The bulky complex does not 
react, however, which favours a template mechanism for the dimensation step. 
Examples of such compounds, in which the hetero-allenes are present as 
dimeriscd ligand, have been reported in the literature [20—22J. The complex 
RhCl(PPh3)2[SCNC(0)R]2 is especially remarkable, as the Rh--SCSC five 
membered ring, postulated in (D), is stabilised by a chelate interaction of an 
acyl oxygen [17,34] (see Fig. 5). Seen from the metal this dimensation is an 
oxidative coupling [35]. 
The final step is elimination of RNC (E), which can be regarded as a sulphur 
abstraction reaction, in which the sulphur is transferred from one RNCS mole­
cule to another. 
Note that in three stages of the reaction sulphur abstraction might occur: (a) 
From coordinated RNCS, during the disproportionation, by a second RNCS 
molecule; (b) from coordinated RNCS by PPha [36]; (c) from coordinated 
(RNCSj)2" by РРЬз. In the present reactions (a) and (c) have been observed, 
but not (b). 
In the dimensation an electrophilic attack on coordinated heterocumulenes 
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Fig, 6 Endocychc and exocyclic attack pathways, and the complexes which result from tuo routes 
is postulated. This electrophilic attack appears to take place on the endocyclic, 
not the exocyclic nucleophile. Which atom is endocyclic may be deduced from 
the preference for side-on coordination in X'=C=Y'. This order is now estab­
lished to be (X' > Y') : S > NR > О > CR2. In Fig. 6 the endocyclic and exo­
cyclic pathways of the formation of five membered rings by dimerisation of the 
hetero-allenes, as well as the resulting complexes after elimination are given. 
Conclusion 
All complexes reported to be formed by dimerisation of hetero-allenes have 
five-membered rings of the type M—X'C( Y')X'C=Y', resulting from an endo­
cyclic attack, and the ligands formed by elimination of CY' are of the type 
(X'2C=Y')2~, in which C=X' is preferred over C-Y' for i72-coordination. In 
agreement with this, the liberated CY' always contains the hetero atom which 
is less prone to Tj2-coordination. 
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CHAPTER V I 
THE REACTIONS OF RHOI)lUM(I)-HETERO-ALLYLIC COMPOUNDS 
WITH HETERO-ALLENES; В. CARBON DISULFIDE * 
D H.M.W. THEWISSEN 
Department of Inorganic Chemistry, Catlioiic Uiiiversity, Tocrnooiveld, 6525 Fl) Nijmegen 
(The Netherlands) 
(Received October 4lh, 1979) 
Summary 
The rhodium(I) complexes R h [ X - C ( Z ) - Y ] ( P P h 3 ) 2 , in which [ X - C ( Z ) - Y ] 
represents an uninegative unsaturated heteroallylic bidentate ligand, coordi­
nating via two of the three hetero atoms (Χ, Υ, Ζ = Ρ, S or Ν), react at elevated 
temperature with an excess of the hetero-allene S C S to give therhodium(I)-
thiocarbonyl complexes Rh[X—C(Z)— ](С5)(РРЬз). In the initial step a first 
CS2 molecule is coordinated side-on by one of the C=S double bands. Subse­
quent reactions can be blocked at this stage by addition of pyridine, resulting 
in RhCl(Tj2-CS2)(PPh3)(py)2. The formation of the CS complexes occurs in two 
ways. Either by direct sulfur abstraction from the R h ' ^ - C S j ) complex by 
РРЬз or by a dimerisation of two CS2 molecules and elimination of a CS 
moiety, resulting in a Rh I I I -thiocarbonyl-trithiocarbonato complex, immedi­
ately followed by demolition of the trithiocarbonato-CSs" fragment by РРЬз to 
SPPhj and CS 2 . 
Complexes containing а С8з~ fragment, but no CS moiety, can also be 
identified by IR measurements. These products may be formed in a sidereac-
tion upon elimination of CS. 
Introduction 
In an earlier article [2] we described the reactions of Rh 1 complexes with 
hetero-allene molecules X'=C=Y' (X', Y' = S, NR, O, CR2) in general, and with 
RN=C=S (X' = S, Y' = NR) in particular. The mechanism of the disproportiona-
* See also ref. 1. 
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tion of isothiocyanates leading to RhIII-isocyanide-dithiocarbonimidato com­
plexes was discussed In this paper the reaction of the Rh1 pseudo-allyhc 
chelate complexes, Rh[X—C(Z)—YJiPPhjb with an excess of the hetero-allene 
S - C-S (X', Y' = S) is reported, and the products and intermediates formed m 
this reaction are discussed 
The chemistry of S C-S with transition metal complexes has been exten­
sively investigated, and reviewed several times [3—6]. Only a few examples of 
CS2 complexes, in which the hetero-cumulene is bonded in an η'-coordination 
mode by the lone pair of one of the sulfur atoms, are reported in the literature 
[7,8], but 7j2-(side on) coordination by one of the C=S double bonds is found 
more often [7—11] 
However, some results are doubtful Complexes with CS2 bridges have also 
been described [20] Recently, co-dimensations of CS2 with alkyne derivatives 
are reported [29 -31]. Under special conditions a transition metal complex 
may react with CS2 to give thiocarbonyl (CS) complexes [7,8,10—15] The 
mechanism of this reaction is not well understood. Probable reaction-paths in 
the CS formation from the CS2 fixation reaction either via a direct reaction 
with PPhj or via a dimensation process, in which two CSj molecules are 
involved, are discussed and compared with the mechanism of the dispropor-
tionation of isothiocyanates, mentioned above 
Experimental 
IR spectra were measured on a Perkin-Elmer 283 spectrophotometer (4000— 
200 cm"'). '"PCHl-NMR spectra were recorded on a Varian-XL-1000 FT 
spectrometer at 40 5 MHz, using the deuterated solvent as internal lock C, H 
and N analyses were carried out at the micro analytical department of this 
university, and other analyses by Prof Dipl -Ing Dr H. Malissa and G Reuter, 
Mikroanalytisches Laboratorium, Elbach über Engelskirchen, W. Germany, 
Analytical data are given in Table 1. 
Reactions were carried out in analytical grade solvents under nitrogen 
RhCHPPlbb [16] and Rh[X-C(Z)-Y](PPh3)2 [17,18] were prepared 
according to literature procedures 
Solutions for IR measurements were prepared in a glove-box from samples 
taken from the reaction mixtures at appropriate times. No (т^-СЗг) complexes 
could be isolated, since both the reverse reaction to regenerate the starting 
materials and subsequent reactions take place very fast 
КШ(п2-С82)(РРк3)(ру)2 (I) 
300 mg RhCUPPhj), was dissolved in 20 ml benzene A small excess of CSj 
was added and after two minutes an excess of pyridine. The yellow solution 
was diluted with n-hexane The precipitate was filtered off, washed with small 
portions of ethanol and diethylether, and dried in vacuo. Yield 85%. 
RhCl(CS)(PPh3)2 (IID) 
An excess of oxygen-free CSj was added to a solution of 300 mg 
RhCUPPhjh m 50 ml benzene After a few minutes the orange colour of the 
TJ2-CS2 appeared a) With two additional moles PPhj, the mixture was refluxed 
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TABLE 1 
ANALYTICAL DATA 
Compound colour Analyses Found (caled.) (%) 
yellow 
orange-brown 
orange-brown 
orange-brown 
orange-brown 
yellow-brown 
brown 
С 
54.8 
(54.7) 
63 0 
(62.9) 
52.0 
(51.7) 
56.8 
(57.1) 
62.5 
(62.6) 
60.3 
(61.2) 
59.1 
(59.9) 
II 
4.0 
(4.0) 
4.4 
(4.3) 
4.8 
(4.6) 
4 6 
(4.5) 
4.6 
(4.2) 
4.2 
(4.1) 
3.8 
(4.0) 
N 
4.3 
(4.4) 
2.4 
(2.5) 
4.7 
(4.8) 
1.7 
(1-9) 
2.1 
(1.9) 
1.7 
(1.8) 
S 
10.3 
(10.1) 
4.4 
(4.5) 
17.7 
(17.2) 
11.8 
(10.9) 
Cl 
5.7 
(5.6) 
Ρ 
0.0 
(4.8) 
4.5 
(5 3) 
I RhCl(n2-CS2)(PPh3)(py)2 
II D RhCl(CS)(PPh3)2 
HID Rh[SC(S)NEt2](CS)(PPh3) 
IV D Rh(PhNC(S)NMe2](CS)(PPh3) 
V D Rh[Ph2PC(S)NPhJ(CS)(PPh3) 
VI D Rh(Ph2P(0)C(S)NPh](CS)(PPh3) 
VII D Rh[Ph2P(S)C(S)NPh](CS)(PPh3) 
during one hour After cooling η Ііечапе was added The precipitate was 
filtered off, washed with ethanol and diethylcther, and dried in vacuo. Yield: 
60%. b) Without addition of extra PPhj, the mixture was refluxed for two 
hours. The colour became brownish. After cooling and concentration, the 
complex was isolated by chromatography on silica gel, after elution with 
n-hexane-dichloromethane, the complex was precipitated by adddition of 
n-hexane. Yield 307c. 
Rh [X -C(Z)- Y](CS)(PPh3) (HID VIID) 
300 mg R h [ X - C ( Z ) -YKPPhjh was dissolved in 50 ml ben/.ene or toluene 
and an excess of CS2 was added a) With two extra moles of РРЬз, the mixtures 
were heated at about 8 0 е С for two hours. After cooling and addition of 
n-hcxane, t h e precipitate was filtered off, washed with ethanol and diethylether 
and dried in vacuo. Yield. II1D-VD 3 0 - 4 0 % V I D - V I I D 20%. b) Without 
additional РРЬз the mixtures were heated for several hours (3 h for HID and 
IVD, 4 h for VD-VIID) at about 8 0 ° С After cooling and concentration, chro­
matography on silica gel, elution with n-hexane-dichloromethane, and addition 
of n-hexane gave the complexes. Yields: HID 20%, IVD 10%, VD 20%, VID 
5%, VIID 5%. 
Note : In each case, most of the complex decomposed during the chromato­
graphy on silica gel. 
Reactions and products 
The starting compounds are ЕЬСЦРРЬзЬ and complexes of the type 
Rh[X—C(Z)— ](РРЬз) 2 , in which [ X - C ( Z ) — Y ] " represents an uninegative 
ambidentate hetero-allyhc hgand. The hgands used in this paper are shown 
below. The Rh[X—C(Z)— ](РРЬз) 2 complexes were reported previously 
[1,17-18]. 
In t h e reaction of these Rh 1 complexes with an excess of CS2 in benzene or 
toluene the initial colour changes rapidly to orange. The IR spectra of the reac­
tion mixtures, measured after five minutes, show new absorptions in the 
regions 1247—1281s, 1 1 7 3 - 1 1 9 6 w m and 595—611m с т " ' , given in Table 2. 
The values of these absorptions indicate the formation of a four-coordinate 
T?2-CS2 complex (A). These complexes cannot be isolated. Either the starting com­
pound is recovered, or some product formed from it in a subsequent reaction 
with РРЬз or CS2. The IR values are in agreement with the values of the vibra­
tions in RhCl(T}2-CS2)(PCy3)2, 1240s, 1186s and 610s c m " 1 , respectively [ 1 1 ] . 
X N S S 4 5 4 ^ II S 4 || 
e:C— Ζ Ч - N E t , С - N M e , β C - P P h , e . C - P P h , С - P P h , 
Y S Ν N t / Ν 7 
ι ι ι ι 
Ph Ph Ph Ph 
ι η III ιν ν 
FIR 1 The ambidentate helcro-allybc chelating bgands [X—C(Z)—YJ~, used in this papei 
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T A B L E 2 
IR A B S O R P T I O N S O F THE R M T I ' - C S } ) COMPLEXES M E A S U R E D IN BENZENL/CS2 S O L U T I O N , 
F I V E M I N U T E S AKTER A D D I T I O N O F C S 2 
C o m p o u n d v{C—S) 
( c m " 1 ) 
I R h C I ( i l 2 - C S 2 ) ( P P h 3 ) ( p y ) 2 d 1 1 7 3 s 
IIA RhCl<7) 2-CS2)<PPh3)2 1 2 5 l v s 
ΙΙ1Λ Rh[SC(S)NEt2l(T7 2 -CS2>(PPh3) 1 2 8 1 ° 
IVA R h [ P h N C ( S ) N M e 2 ] ( T ) 2 - C S 2 ) ( P P h 3 ) 1 2 4 7 s 
VA R h l P h 2 P C ( S ) N P h ] < 7 i 2 - C S 2 ) ( P P h 3 ) 1 2 5 4 s 
VIA R h [ P h 2 P ( 0 ) C ( S ) N P h J ( n 2 - C S 2 ) ( P P h 3 ) ь 1 2 6 0 s 
І1Л R h l P h 2 P ( S ) C ( S ) N P h l ( i 7 2 - C S 2 ) ( P P h 3 ) ь 1 2 5 2 s 
^c 
2 l/(M 1 ) c 
N S 
с 
1 1 8 9 w 
1 1 8 0 w 
1 1 7 3 m 
119f iw 
с 
с 
(ert i" 1 ) 
„ С 
KM 1 Xeni 
6 3 3 m 
6 0 3 m 
5 9 5 n i 
6 0 4 m 
6 0 2 m 
6 1 1 m 
с 
4 0 0 - 1 4 0 0 c m " ' reRion. a Shoulder of broad absorpt ion Ь Measured in tolut*ne/CS2 c N o t observed 
° Measured m Csl pellets e By Fermi resonance with f ( C ~ S ) . 
In this compound a second CS2 molecule cannot occupy a coordination site 
because of steric hindrance caused by the bulky РСуз ligands, so that a subse­
quent reaction is blocked. 
However, rapid addition of pyridine to a mixture of RhCl(PPh 3)3 and CS2 in 
benzene allows isolation of НЬСЦ^-СЗгКРРЬзХруЬ (I). For this product 
f(C=S) is observed at 1173s c m " 1 , which is comparable with the values of 
1157 c m " ' , found for ІгС1(СО)(т?2-С82)(РР1із)2 and 1152 cm" 1 for Pt(7j2-CS2)-
(РРЬз)2 [ 1 9 ] . Van Gaal et al. [11] have concluded that the difference of 
^(0=3) of an 7?2-CS2 moiety between a four coordinate and a three or five coor­
dinate complex amounts t o 60—80 c m " 1 . So we conclude that RhCl(772-CS2)-
(РРЬз)2(ру)2 is a five coordinate Rh species. 
The -"P-NMR spectrum of I, measured in CDjCb, exhibits a doublet at 
—27.9 ppm (downfield relative to the reference tr imethylphosphate) with a 
couplings constant l</(Rh—P) of 125 Hz, which points to the presence of only 
one isomer and to an equatorial position for the phosphine ligand. The prob­
able structure of I is given in Fig. 2. The isolation of I is further evidence for 
the temporay existence of complexes, containing an т^-СЗг molecule in the 
reaction between the Rh(I) complexes and an excess of CS2. 
In contrast, the reaction of a mixture of RhCl(PPh3)3 and PhN- C= S with 
pyridine gives RhCl(PhNC)(PhNCS 2)(PPhj)2, and the pyridine has no obvious 
influence on the course of the reaction. 
As mentioned above, the four coordinate intermediate RhI(772-CS2) com­
plexes cannot be isolated. A subsequent reaction, the nature of which depends 
on the circumstances, occurs. If a large excess of РРЬз is present or added to 
i y ^ 
ci c · ^ 
^ l y
 S
 ( I ) 
Fig 2 Probable structure of R h C l ( n 2 - C S 2 ) ( P P h 3 ) ( p y ) 2 . 
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any of the reaction mixtures, direct sulfur abstraction by РРЬз from the tf-CSi 
fragment takes place, and the excess of CS2 does not react. The formation of 
SPPhj is confirmed by 3IP-NMR spectroscopy. Under these conditions the final 
metal products D (Fig. 3) are always ШіС1(С8)(РР1із)2 and Rh[X-C(Z)-Y]-
(С8)(РРЬз). These compounds are formed in fairly good yields upon standing 
at room temperature for about one day or on refluxing for one hour. Treat­
ment of the isolated compound RhCl(T?2-CS2)(PCy3)2 with extra РСуз at room 
temperature gives the complex КЬСЦСЗНРСузЬ and ЗРСуз [11], which clearly 
demonstrates that the route to CS formation proceeds via sulfur abstraction 
from 7?2-CS2 by phosphine. In contrast to an earlier report concerning RhCl-
(CS2h(PPh3)2 [19], we find that no polar co-solvent is necessary for this sulfur 
abstraction reaction. The C^S absorptions (see Table 3) are observed in the 
range 1284—1311 cm"1. These values are normal for four-coordinate Rh'iCS) 
complexes [7,10,21,22]. The positions of the [X—C(Z)—Y]" chelate absorp­
tions do not differ significantly from those of the starting compounds, so that 
РУ 
„ R h — / / 
I s ( i ) Ph P 
РУ 
^
P P h 3 
к 
РУ 
С S , PPh. 
'3 г 
(A) 
Г 
CS, 
^У ^¿S (D) 
/ XC5 
SPPhj 
f cs2 
(B) / \ Д 
\ 1 "У \ 
Rh С = 5 
sc/1 V 
(С) 
(See a l s o réf . [ 3 4 ] ) . 
V c 
Ml 
[RhtCSj lJ-compleÄ 
(E) 
Fig. 3 . Survey of reactions b e t w e e n R h ' phosphine c o m p l e x e s and C S j . 
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TABLE 3 
IR ABSORPTIONS OF RhCl(CS)(PPh3)2 AND Rh[X—C(Z)— ](С5)(РРНз) COMPLEXES 
Compound i'(C=S) 
(cm-1 ) 
[X-C(Z)-Y]"chelate absorptions 
(cm"') 
i^PCS) 
(cm" 1) 
others 
(cm' 1 ) 
IID RhCl(CS)(PPh3)2 
HID Rh[SC(S)NEt2](CS)(PPh3) 
IVD RhlPhNC(S)NMeI)(CS)(PPh3) 
VD Rh[Ph2PC(S)NPhl(CS)(PPh3) 
VID Rh(Ph2P(0)C(S)NPh](CS)(PPh3) 
VIID RhlPh2P(S)C(S)NPh](CS)(PPh3) 
1307s 
Ь 
12845 
1310VS 
1311m 
1310m 
275w 
1488VS (l'C=N) 
1541VS vasCNCN) 1111m VS(NCN) 
1546VS (l'C=N) 
1509br (Κ;=Ν) 
1517br (lC=N) 
92вт 
913m 
916m 
1115VS 
b 
( ^ = 0 ) 
(^P=S) 
Measured in Csl pellets. a Ζ is the exocyclic hetero-atom. Ь Not assigned. 
tlie mode of coordination of the ambidentate psoudo allylic ligands remains 
unchanged. 
If no additional I'Phj is present, the excess of CS^ is involved in the reaction. 
The initial product ГШСЦтг-СЗзКРРЬзЬ (IIA) from the reaction between 
RhClO'Phj)] and CSi gives way after fifteen minutes t o a second intermediate 
IIB, which exhibits a strong absorption in the IR spectrum at 1024 c m " ' . This 
absorption persists for not more than one hour, depending on the circum­
stances such as the CS2 concentrat ion A third intermediate IIC must exist, for 
which we cannot observe any characteristic IR absorption in this solution. 
After standing for more than 24 hours or after refluxing for several hours, 
absorptions appear at 1307s, 1043sh, 991s and 841s c m " 1 . Chromatography 
on silica gel gives compounds IID and HE. We tried to isolate HE from the 
eluted solutions, but did not succeed, because the HE decomposes slowly. The 
IR spectrum of HE in solution shows peaks at 1043sh, 990s and 841s cm" 1 , but 
no absorption in the thiocarbonyl region. These new absorptions are assigned 
to a tn th iocarbonato CSl' fragment The values of C—S vibrations in trithio-
carbonato compounds, reported in the literature [24 26,32,33] are compar­
able with the values observed in this complex. 
The reactions of the Rh[X—C(Z)— ](РРЬз) 2 complexes with an excess of 
CS 2 proceed in a similar way The initially formed Rh[X—C(Z)—Y](T? 2 -CS 2 )-
(РРЬз) complexes react with another CS2 molecule. The reaction mixtures from 
Rh[PhNC(S)NMe 2](PPh3) 2/excess CS 2 (IV) and from Rh[Ph 2 P(0)C(S)NPh]-
(РРЬз)2/ехсе55 CS 2 (VI) exhibit new absorptions after standing for a longer 
time or after refluxing for n o t more than one hour at 1334m, 1040m, 985m, 
845m cm" 1 and at 1358m, 1040m, 990m and 840m c m " 1 , respectively, (inter­
mediates C). The final solutions (after several hours refluxing) show peaks at 
1285s, 1040s, 990s, 850m c m " 1 and at 1312m, 1040s, 985m and 840m cm" 1 , 
respectively. Chromatography of both solutions results in isolation of IVD and 
VID. In the spectra of the small second fractions, IVE and VIE (compounds 
which again cannot be isolated) absorptions are observed at 1035s, 980s, 846m 
cm"
1
 and at 990s and 852m cm" 1 . Again these absorptions of IVE and VIE are 
assigned to CS3" vibrations. We now attr ibute the absorptions at 1334 and 
1358 c m " 1 which appear temporarily and then give way to new peaks at 1285 
and 1312 cm" 1 , t o intermediate R h 1 " (CS) complexes. The observed values for 
y(C-S) are in agreement with such an intermediate, since octahedral R h 1 " com­
plexes show i^CsS) about 50 cm" 1 higher than square planar Rh 1 complexes [ 2 3 ] . 
These C=S vibrations at about 1350 c m " 1 are present in combination with a set 
of CS3" peaks, which leads us t o propose that intermediate С is a six coordi­
nate Rh , I I (CS)(CS3) species. The absorptions at 1285 and 1312 cm" 1 in the 
spectra of the final solutions demonstrate the formation of the Rh 1 (CS) com­
plexes. The intermediates В are not detected. 
No intermediates of types В and С can be observed in the reaction of the 
other Rh[X-C(Z)—Y](PPh3) 2 /excess CS 2 mixtures. Table 3 gives all relevant IR 
absorptions of the isolated Rh[X -C(Z)-Y](CS)(PPh3) compounds (D), 
whereas Table 4 shows the important vibrations of the Rh[X—C(Z)— ](С8з)-
(РРЬз)
п
 complexes (E) in solution after the separation of the final solutions on 
silica gel. 
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Survey of the complexes and the intermediates of the studied reactions. 
Reaction II IV VI 
Rh. 
CS2 
L 
S 
Rh. С. 
^ 
RhCKPPh ) 
detected 
Rh[x-CCZ)-Y] (PPh 
X = S 
Y = NPh 
Ζ = NMe 
detected 
3'2 
X = S 
Y = NPh 
Ζ = 0(P) 
detected 
Y CS, 
— Rh S 
/ \ / 
s—с. 
detected not 
detected 
not 
detectea 
^Rh^ y.=S not 
detected 
detected detected 
and/or 
isolated isolated isolated 
~Rh^ ,C = S 
;/ detected 
detected detected 
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TABLE 4 
IR ABSORPTIONS OK THE CSj" CONTAINING COMPOUNDS 
compound 
II В llhCl(C2S4)(PPh3)2 
II E ННСКСЗзНРРЬз),, 
IV С Rh(PhNC(S)N1\Ie2](CSKCS3)(PPh3) 
IV E Rh[PhNC(S)NMe2l(CS3)(PPhj)
m 
V E RhIP]l2PC(S)NPhl(CS3)(PPh3)
m 
VI С Rh[Ph2P(0)C(S)NPh](CSKCSj)(PPh3) 
VI К Rh[Ph2P(0)C(S)NPh](CSj)(PPh3)
m 
800—HOO c m - ' reßion, measured in С^ІІ^ solution а Not asbißned. 
K C J S Í ) 
(cm"1) 
1024s 
i'(C S> 
(cm"' ) 
1334m 
135Bm 
( C S j ^ - j b 
( cm" ' ) 
10 t.l(sh) 
1040in 
lOSfts 
1040(sh) 
a 
a 
sorptions 
991s 
985m 
980s 
983s 
990m 
990s 
841s 
845m 
8 IGm 
84 2m 
840in 
852m 
Discussion 
Figure 3 outlines the reaction paths. 
The first step, the addition of one CS2 molecule is definitely reversible. In 
the formation of В from A, a second CS2 molecule is coordinated to Rh, prob­
ably via an electrophilic attack of its central carbon atom on the endocyclic 
nucleophilic S atom of the ^-coordinated CS2 to give a dimerised C2S4" 
moiety, coordinated in a bidentate manner to the metal center (B), just as in 
the dimerisation of isothiocyanates [2]. In the case of ИЬСЦРРЬзЬ-
[SCNC(0)Rh this intermediate could be isolated [27,28]. It is plausible that 
the observed intermediate IIB contains such a C2S4 fragment, formed by 
dimerisation of two CS2 entities. The absorption at 1024 cm"1 was also ob­
served by Baird and Wilkinson [19]. They were able to isolate a complex which 
analysed for RhCHCSjMPPh^, and assumed it to be RhCl(7r-CS2)(a-CS2)-
.(РРЬз)2. We think that this compound is, in fact, probably RhCl(C2S,,)(PPhj)2. 
Kubota and Carey have investigated the reaction of ІгС1(РРЬз)з with an excess 
of CS2 [12]. They postulated compounds containing Ir[C(S)S—S"C("S)S] 
and ír[C(S)S â] rings, respectively. On passing CO through a solution of 
IrCI(C2S5)(PPhj)2 they have obtained the complex ІгС1(СО)(С284)(РРЬз)2, the 
IR spectrum of which shows absorptions at 1042, 990 and 800 cm" 1, indicating 
the formation of trithiocarbonato derivatives. _ 
In the third step a CS moiety is eliminated from the Rh[C(S)SC(S)S] five 
membered ring, yielding intermediate C, for which we have evidence in the 
case of IV and VI. In the disproportionation of isothiocyanates similar species, 
i.e. RhIII(RNC)(RNCS2) complexes, are obtained as the final products [2]. 
Only under vigorous conditions are either RNC or RNCSl" removed from these 
compounds. Also in the case of Rh I"(CS)(CSj) complexes either the CS frag­
ment or the CSj" moiety is eliminated. Here, however, the conditions required 
are considerably milder. 
The C-S fragment may leave the rhodium to yield the products E, which, 
however, are unstable and so cannot be isolated. We think that the products E 
are of the type Rhn,Cl(CS3)(PPhj)„ and Rh , I I[X-C(Z)-Y](CSj)(PPh3)
m
, 
probably with η = 3 and m = 2. The liberated CS moiety may be involved in a 
subsequent reaction, e.g. with a Rh[C(S)SC(S)S] fragment. A new ring system 
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might be formed by insertion of CS in this melallocycle resulting in a deriva-
tive having (C3S5)2" coordinated to Rh, as shown below (a). Such a (CsSs)2" 
fragment is formed in the reaction of CS2 with Na[Mn(CO)s], and has been 
identified by methylation to structure (b) [ 3 2 ] . 
4 C4-S 
/ : \ 
S ,-"··..€—S 
А Л / 
ι I 
(α) S -R h 
The (CS3)2" fragment in intermediate С can be destroyed by PPhj to yield 
CS2 and SPPha. The presence of SPPhj is evident from the 3 1 P NMR spectrum 
of the final solution. Of the complexes, obtained by reaction of CS2 with Rh 1-
phosphine complexes, only the Rh'(CS) complexes D are indefinitely stable. 
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H. Werner, О. Kolb, R. Feser and U. S c h u b e r t , J.Organomet.Chen:. , 
191 (19Θ0) 2 З. 
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CHAPTER VI 
REACTIONS OF RHODIUM(I) HETERO ÄLLYL PHOSPHINE COMPLEXES WITH HETERO 
ALLENES. SECTION С: ISOCYANATES 
D.H.M.W. Thewissen 
SUMMARY 
RhCKPPh ) converts catalytically the hetero allene R-N=C=0 (R = Ph, 
p-tol) to R "biuret HNRC(O)NRC(O)NHR, whereas Rh[Ph PC(S)NPh](PPh ) con­
verts R-N=C=0 under similar conditions to mixtures of R -biuret and R 
isocyanurate, (RNCO) . The complex RhCKPPh ) - [p-tolNC (O)Np-tolJ has been 
isolated. 
INTRODUCTION 
In earlier papers [1,2] we reported the reactions of Rh(I) hetero 
allyl phosphine complexes with the hetero allene molecules S=C=NR and 
S=C=S. The products and intermediates formed in these reactions were dis­
cussed together with the mechanism of the disproportionation process of 
these cumulenes. In this article the reaction of RhCl(PPh ) and 
Rh[Ph PC(S)NPh](PPh,) with an excess of the hetero allene RN=C=0 is 
described. 
Isocyanates are known to coordinate side-on to transition metals 
through the C=N double bond [3-7]. Under certain conditions a transition 
metal complex reacts with two RNCO molecules yielding ureylene 
2-
[RNC(0)NR] and/or CO fragments [8-12]. The cyclic [13-18,24] and linear 
[13,16,19] oligomensation of isocyanates may also be catalysed by these 
metal compounds. Their value as a catalyst in co-oligomerisation reactions 
with other unsaturated molecules [14,18,20-21] has provided a useful tool 
for the synthesis of a large number of organic compounds. 
The probable reaction routes as well as the nature of the inter-
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mediates, which give rise to either ureylene and CO formation or to 
oligomensation products, are discussed in relation to the disproportio-
nation of tne sulfur-containing hetero allenes RN=C=S and S=C=S. 
EXPERIMENTAL 
IR spectra were measured on a Perkin-Elmer 577 spectrophotometer 
(4000-200 cm" ) in KBr or Csl pellets. H and Ρ { Η} NMR spectra were 
recorded on a Bruker WH 90 spectrometer at 90 and 36.44 MHz, respectively. 
GC/MS spectra were measured on a Fmnigan Quadrupole 3100 D (datasystem 
6110). Elemental analyses and mol.weight determinations were performed 
at the Element-analytical Department of the Institute for Organic Chem­
istry TNO. 
Reactions were carried out under nitrogen in analytical grade 
solvents, dried on molecular sieve. RhCKPPh,), [22] and 
Rh[Ph PC(S)NPh](PPh ) [23] were prepared according to literature proce­
dures. PhNCO and p-tolNCO were commercially available and were freshly 
distilled before use. 
Reaction between RhCKPPh ) and PhNCO. 
a) At room temperature. 200 mg (о.216 mmole) RhCl(PPh,), was dissolved in 
40 ml benzene. 2 g (16.8 mmole) PhNCO was added. The mixture was stirred 
for four hours. No Rh-complex could be isolated. Upon addition of n-pen-
tane and recrystallisation from benzene 1.1 g (3.3 mmole, 59 % yield) 
HPhNC(0)NPhC(0)NHPh was obtained. 
b) In refluxmg benzene. A mixture of 200 mg RhCKPPh ) and 2 g PhNCO m 
40 ml benzene was refluxed during 3 hours. Upon addition of n-pentane and 
recrystallisation from benzene 1.4 g (4.2 mmole, 74 % yield) Ph -biuret 
was obtained. 
Reaction between RhCl(PPh ) and ptolNCO. 
A mixture of 200 mg RhCKPPh ) and 2 g (15.0 mmole) ptolNCO m 40 ml 
benzene was refluxed for 3 hours. The formed precipitate was filtered off 
and washed with benzene and diethylether. Yield of RhCl[ptolNC(O)Nptol]-
-(PPh3) 150 mg (75 % on Rh). Analysis, found : С : 68.7 %; H : 5.0 %; Ν : 
3.1 %,- Cl : 4.1 %; Ρ : 6.9 %. Calculated : C : 70.0%; Η : 4.9%; Ν : 
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3.1 %; Cl : 3.9 %; Ρ : 6.9 %. 
Upon addition of n-pentane to the filtrate 1.4 g (3.6 mmole, 72 % yield) 
ptol,-biuret was obtained. The isolation of the Rh complex could not be 
reproduced in new attempts. 
Reaction of RhlPh PC(S)NPh](PPh ) with RNCO (R=Ph,ptol). 
A mixture of 200 mg Rh[Ph PC(S)NPh](PPh ) and 2 g RNCO in 40 ml benzene 
was refluxed for 3 hours. No Rh complexes were isolated. Upon addition of 
n-pentane, filtration of the precipitate and recrystallisation from 
benzene 1.2 g (3.6 mmole, 65 % yield) Ph -biuret and 0.4 g (1.1 mmole, 20 
% yield) Ph,-isocyanurate, or 1.0 g (2.7 mmole, 55 % yield) ptol -biuret 
and 0.4 g (1.0 mmole, 13 % yield) ptol -isocyanurate, were obtained. 
Reaction of PPh with PhNCO. 
Heating of PhNCO under similar conditions in the presence of PPh gave no 
detectable amounts of Ph -biuret or Ph -isocyanurate. However, heating of 
2 g PhNCO in the presence of PPh- and 0.5 ml water under similar conditions 
revealed, that apart fror 
(0.6 mmole, 10 % yield). 
om OPPh , Ph -biuret was formed. Yield : 0.2 g 
RESULTS AND DISCUSSION 
The R -biuret HRNC (0) NRC (O) NHR (R=Ph,ptol) is always the m a m product 
from the reaction between RhCKPPh ) and an excess of RNCO. Under similar 
conditions mixtures of both R -biuret and - in lower yield - R -isocyanur­
ate, (RNCO) , result from the reaction of Rh[Ph PC(S)NPh](PPh ) with 
RNCO. From the latter reaction (R=ptol) the complex RhCl[ptolNC(O)Nptol]-
-(PPh ) could be isolated ( D ). However, new attempts to prepare this 
complex were unsuccessful. The IR spectrum of D shows v(C=0) at 1642 
cm (vs) and v(Rh-Cl) at 331 cm (w-m). The two methyl groups exhibit 
only one signal in the NMR spectrum at 6=2.12 ppm (relative to TMS). In 
the Ρ NMR spectrum a doublet is observed with 6=-17.2 ppm (upfield, 
relative to TMP) and J(Rh-P)= 96 Hz. From these data we conclude the 
structure of D to be as given in figure 1. 
104 
Ρ 
ι ρ-tol 
CI—R h Z ' X=0 
Ι ^ Ν Γ 
I p-tol 
Ρ 
Ph, 
Figure 1. The structure of RhCKPPh ) , [p-tolNC (0) Np-tol]. 
We have also carried out a few blank experiments, in which no rhodium-
complex was present. Onder similar conditions PhNCO does not display a 
reaction with PPh , unless considerable amounts of water are added. In the 
latter case, apart from OPPh , Ph -biuret is formed, true in lower yield 
than in the reaction involving a Rh-complex. The formation of R -biuret out 
of RNCO can only be accounted for if some water was present in our reaction 
mixtures, although we have carefully excluded it. These minute amounts of 
water could yield some biuret in an uncatalysed reaction. We think, however, 
that the major part of the biuret and all the oligomensation products were 
formed in a catalytic process involving the Rh-complexes. 
It is tempting to speculate on the mechanism of the reaction between 
isocyanates and rhodium complexes. The suggested scheme is shown below. 
О 
II 
R N - ^ N R 
I I 
cyclic t n m e n s a t i o n 
RNCO ^ 
,Rh_ 
ROUTE Π 
s- RNCO 
^ 
® —Rh-
ROUTE I 
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R
 0 
® - ? \ I disprop 
4 R 
R-^ Ч Г C' 
-N; 
о о 
RNCO protonat ion 
- К 
— Rh C=0 © 
CO el iminat ion 
_ R h C = 0 
С 
0 
© 
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As the first reaction step is reversible and the subsequent steps 
proceed rather fast, no intermediates of type A and В can be detected. From 
В there are two possible routes. В may undergo CO de-insertion, analogous 
to de-insertion of CNR and CS in the case of RNCS and CS , respectively 
(route I). The isolated complex D does not contain CO. Therefore, we 
assume complete elimination of CO. This is in agreement with the findings 
of Beck et al. [10]. From the reaction of RhCKPPh ) with CH SO -NCO they 
obtained RhCKPPh ) [CH SO -NC(0)N-0 SCH ] as well as RhCl (CO) (PPh ) . 
Though not detected, the latter compound may have been formed in our 
reaction too. D may then react with a third RNCO molecule attended with 
rapid protonation. 
Route II elucidates the production of cyclic tnmers. В reacts with a 
third RNCO molecule before rearrangement takes place. This reaction route 
is less favourable than route I, as appears from the respective yields of 
R -biuret and R -isocyanurate. Moreover, the reaction course depends on the 
nature of the other ligands. For the reaction between RNCO and Rh(PPh ) -
-[Ph PC(S)NPh] the relatively high yield of isocyanurate points to 
considerable contribution of route II. 
We have also studied the reaction between Rh-complexes and the 
carbodnmide p-tolN=C=Np-tol. Our endeavours to isolate any metal complex 
have been unavailing. From IR-measurements of the evaporated solutions it 
is obvious that isocyanides are formed in the course of these reactions. 
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CHAPTER VII 
RHODIUM(III)-BIS AND -TRIS HETERO ALLYL COMPLEXES 
A. SYNTHESIS AND CHARACTERISATION 
D.H.M.W. Thewissen, J.G. Noltes and J. Willemse 
SUMMARY 
Rh (III)-bis- and Rh(III)-tris hetero allyl complexes can be prepared 
via ligand substitution starting from RhCl .3 H O and [x-C(Z)-Y] or via 
oxidative addition starting from Rh(I)[x-C(Z)-Y]L (L=C Η , PPh ) and 
suitable [X-C(Z)-Y] or [x-C(Z)] Y reagents. For these Rh(III) complexes 
different geometrical and optical isomers exist. The facial and the 
meridional forms of Rh[fle NC(S)NPh] can be separated by fractional 
crystallisation. At elevated temperature the mer isomer is completely and 
irreversibly converted to the fac one. Rotation about the exocyclic C-N 
bonds is observed even at -60 C. 
Rh[ph PC(S)NR] (R=Ph,Me) predominantly exists in the mer form. The 
Ρ NMR spectrum of this isomer at -49 С can be fitted for an A.XRh 
spectrum, at +11 С for an ABXRh spectrum and at +109 С for an AMXRh 
spectrum. These differences are caused by the temperature dependence of a 
few NMR parameters, which most probably arises from small changes in 
angles and distances within the complex. 
INTRODUCTION 
Hetero allyls [X-C(Z)-Y] usually coordinate to a transition metal 
complex through two of the three hetero atoms, thus forming a chelate 
ring [1-3]. In this paper we report the syntheses and spectroscopic 
properties of Rh(III)-tris hetero allyl complexes containing equal or 
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;S 
θ 
'NPh 
Me N-C' θ 
different ligands.The chelating anions used as ligands are given in 
Figure 1. 
Ph P-C '4 θ R N-C " θ R N-C ' 
2
 ^ N R ¿ ^ S ¿ Ч 
ι il in iv 
Figure 1. The chelating ligands used in this paper, ι = P,P-diphenyl-N-R-
phosphinothioformamido (R = Ph,Me), n N,N-di-R-dithiocarbamato 
(R = Me,Et); ill = N^-di-R-N'-phenyl (thio)ureido CR = Me, R = 
-(CH )_-); iv = N,N-dimethyl-thiocarboxamido. 
The thiocarboxamido ligand [Me NCs] , a pseudo-vinylic anion, is also 
included in this study because of its relationship with hetero allylic 
derivatives [7]. The coordination of this ligand to rhodium has been 
2 
recently investigated and established to take place in an η mode by 
С and S [4-6]. The Rh (III)-tns-hetero-allylic complexes have been pre­
pared by ligand substitution starting from Rh(III) complexes and 
[X-C(Z)-Y] or by oxidative addition starting from Ph(I)[x-C(Z)-Y]L and 
suitable [4,8] compounds Α-B, consisting of two hetero allyls or a com­
bination of a hetero allyl and a pseudo vinyl. The compounds Α-B are 
shown in Figure 2. 
In general, several geometric, optical and rotational isomers of the 
Rh (III)-tns-hetero-allylic complexes are possible, some of which undergo 
isomensation under suitable conditions. For one of the complexes, e.g. 
Rh[Me NC(S)NPh].., the isomensation processes have been closely investigated 
by means of temperature dependent NMR measurements. 
A В 
А В А В Ph 
E t 2 \ / S K / N E t 2 M e 2 N \ /SX /N M e2 M e 2 N \ /NX /N M e2 
С С С ' с c c 
Il II II II II II 
s s s s s s 
ι 11 ill 
Figure 2. The compounds Α-B, used for oxidative additions. 
ι = Ν,Ν,Ν',Ν'-tetraethylthiuram disulfide; n = Ν,Ν,Ν',N'-tetra-
methylthiuram monosulfide; i n = Ν,Ν,Ν' (N'-tetramethyl-N"-
phenyl-dithiobiuret. 
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EXPERIMENTAL 
IR spectra were measured on a Perkin-Elmer 2Θ3 spectrophotometer 
(400C-200 cm ), in Csl pellets. H and Ρ { Η} NMR spectra were recorded 
on a Broker WH 90 spectrometer at 90 MHz and 36.44 MHz, respectively, and 
on a Vanan SC 300 spectrometer at 300 MHz and 121 MHz, respectively, 
using the deuterated solvent as internal lock. 
Elemental analyses were carried out at the element-analytical 
department of the Institute for Organic Chemistry TNO. Analytical data are 
given in Table 1. 
Reactions were carried out at room temperature m analytical grade 
solvents. 
Starting material. RhCl ·3 H.O (reagent grade) was obtained from 
Drijfhout, Et NC(S)SSC(S)NEt and Me NC(S)SC(S)NMe from Fluka. 
Me NC(S)NPhC(S)NPh [9], PhPC(S)NHR (R=Ph,Me) [10,11], 
Rh[Ph PC(S)NPh](PPh ) [2], Rh[Ph PC(N-p-tol)N-p-tol](PPh ) 2 and 
Rh[Ph
n
PC(NPh)0](PPh,). [3] and [RhCl(CQH, .)_]_ [12] were prepared ac-
cording to literature procedures. Me NC(S)NHPh and pipC(S)NHPh were 
prepared by direct addition of Me_NH and pipendme, respectively, to 
Ph-N=C=S in diethylether. 
Rh\Me NC(S)NPh] la and lb 
A suspension of 130 mg RhCl ·3 H O (0.5 mmol) and 260 mg Me NC(S)NHPh 
(1.6 mmol) in 30 ml methanol was stirred vigorously. After 30 minutes a 
small excess of Et N was added. The colour of the mixture changed slowly 
from red to orange-red. After three hours the mixture contained an 
orange precipitate, which was filtered, washed with methanol and n-
-pentane and dried in vacuo (la). The filtrate was concentrated and 
toluene was added. After filtration the solution was extracted with 
distilled water to remove further EtqN-HCl. The toluene layer was dried on 
MgSO . Finally, the toluene was evaporated and on addition of n-pentane 
lb was obtained. 
Rh[pj.pC(S)NPhi II 
The initial red solution from 130 mg RhCl ·3 H O and 350 mg pipC(S)NHPh 
in 30 ml ethanol changed slowly to red-orange upon addition of Et N. 
After three hours II was isolated and purified according to the procedure, 
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followed for lb. Separation of the isomers was not successful. 
RhlPh PC(S)NR] ІІІЬ (R = Ph); IVb (R = Me) 
0.3 mmol RhCl ·2 H O and 1.0 mmol Ph-PCfSJNHR were suspended in a mixture 
of 20 ml methanol and 20 ml toluene. Upon addition of Et N the colour 
changed to orange. After stirring for one hour and standing for one night, 
yellow crystals were formed. After filtration Illb and IVb were washed 
with methanol and diethyl ether and dried in vacuo. On addition of n-
-pentane to both filtrates, mixtures of Ilia and Illb, and of IVa and 
IVb, respectively, were obtained. Further separation of the isomers was 
not achieved. 
{Rh[X-C(Z)-Y]2Cl}2 [X-C(Z)-Y]e = [Me2NC(S)NPh]8 (V); [pipC (S)NPh]e 
(VI); [ph2PC(S)NPh]
e
 (VII); [pl^PC (S) NMe] 9 (VTII) 
0.5 mmol RhCl ·3 H O and 1.0 mmol of the protonated ligand were sus­
pended in a mixture of 20 ml methanol and 20 ml toluene. After 30 
minutes an excess of Et N was added. The solution was allowed to react 
for two more hours. After evaporation of methanol, toluene was added, and 
the suspension was filtered. The precipitate was washed with methanol, 
toluene and diethyl ether. V-VIII were dried in vacuo. Concentration of 
the filtrates gave considerable amounts of the Rh[x-C(Z)-Y] products. 
Rh[PhPC(S)NPh]AMe^NC(S)NPh]-0.8 CJÍ IX 
2 2 2 6 6 
VII was reacted with an equimolar quantity of Me NC(S)NHPh in the 
presence of Et-N in benzene. After two hours IX was precipitated with 
n-pentane, washed with diethyl ether and dried in vacuo. 
Rh[Me^NC(S)NPh]AMe^NC(S)S]-0.5 C^H^. X 2 2 2 об 
V was reacted with NaSC(S)NMe in benzene. After two hours X was iso­
lated according to the method, described for IX. 
Rh[Ph2PC(S)NPh][Et2NC[s)SÌ2-0.3 C ^ XI 
0.3 mmol Rh[Ph PC(S)NPh](PPh ) and 0.3 mmol Et NC(S)SSC(S)NEt were 
dissolved in 30 ml oxygen-free toluene. The initial yellow colour 
changed to orange. After two hours the solution was diluted with n-
-hexane. Orange crystals were obtained. 
Ill 
Table 1. Analytical data. {Calculated values in parentheses) 
Code Compound 
fat: Kh[Me NC(S)NPh] 
mer Rh[Me NC(S)NPh] 
Rh[plpC(S)NPh] 
n i b mer Hh[Ph PClSJNPh] -С H-
mer Rh[Ph PC(S)Nlte] 
{RhCl[Me 2NC(S)NPh] 2) 2 
(RhCl[ph 2 PC(s)Nph] 2 ) 2 
Hh[Ph,PC(S)NPb].[Me,NC(S)NPh]-0.e C.H. 2 ¿ 2 b b 
Rh[Ph2PC(S)NPn][l it2NC(S)S]2-0.3 C7HB 
RhtPh PC(S)NPh][Me2NC(S)S][Me NCS]-0.3 С tt^ 
Rb[Ph PC(S)NPh][Me NC(E)NPh][Me NCS]-C H 
Rh[Me NC(S)NPh] [Me NCS] 
orange-yellow 
oranqe-brovm 
orange-yellow 
yellow 
yellow 
brown 
yellow-brown 
brown 
orange-brown 
orange 
orange-brown 
yellow 
orange 
orange 
orange-brown 
orange-brown 
50.6 
(50.6) 
50.7 
(50.6) 
56.8 
(56.0) 
66.1 
(66.5) 
50.0 
(57.5) 
42.9 
(43.5) 
49.0 
(50.0) 
57.0 
(56.6) 
SI.4 
(51.3) 
62.1 
(63.1) 
46.5 
(46.5) 
49.2 
(50.1) 
40.3 
(48.5) 
57.7 
(57.8) 
41.1 
(41.6) 
46.0 
(45.9) 
5.5 
(5.2) 
5.2 
(5.2) 
6.0 
(6.0) 
4.7 
(4.6) 
4.7 
(4.5) 
4.8 
(4.5) 
5.2 
(5.3) 
4.0 
(3.9) 
4.1 
(4.0) 
4.7 
(4.7) 
5.4 
(5.0) 
5.3 
(5.0) 
4.6 
(4.6) 
5.3 
(5.0) 
5.3 
(5.0) 
5.3 
(5.1) 
13.4 
(13.1) 
12.8 
(13.1) 
11.2 
(11.1) 
3.6 
(3.6) 
4.4 
(4.8) 
10.8 
(11.3) 
9.8 
(9.7) 
Э.4 
(3.6) 
4.4 
(4.3) 
5.5 
(5.7) 
11.3 
(11.3) 
5.6 
(5.6) 
6.5 
(6.5) 
•'7.2 
(7.3) 
10.6 
(10.4) 
12.4 
(12.B) 
7.4 
(7.2) 
6.0 
(6.2) 
4.5 
(4.6) 
a 9.2 
(9.8) 
20.2 
(20.7) 
10% 
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40% 
40% 
90% 
90% 
23.6 
(23.9) 
17.9 
(17.5) 
60% 
60% 
a % Ρ 6 . 1 ( 6 . 3 ) . 
Rh[PhPC(S)NPh] [Afe HC(S)S] [Me NCS]-0.3 С H XII 
2 ¿ ¿ /H 
Synthesis from Rh[Ph PC(S)NPh](PPh ) and Me NC(Ξ)SC(S)NMe analogous to 
XI. 
RhlPh^PCiSOVPh] [Me^NC(S)NPh] [Me^NCS] -1.0 C^H XIII 
¿ 2 2 6 6 
Synthesis from Rh[Ph PC(S)NPh](PPh ) and Me NC(S)NPhC(S)NMe analogous 
to XI. Reaction carried out in benzene. 
RhlMe NC(S)S][Me NC(S)NPh] [MeNCS]-0.6 СН^ XIV 
2 2 2 6 6 
Rh[Me NC(S)NPh](С H ) was prepared in situ by addition of 0.50 mmol 
2 3 14 2 
Me
n
NC(S)NHPh to 0.25 mmol [RhCl(CDH, ) ] in the presence of Et,N in 30 2 b 14 2 2 3 
ml benzene. Subsequently 0.50 mmol Me NC(S)SC(S)NMe were added. After 
dilution with n-hexane an orange precipitate was obtained. 
Rh[Me NC(S)NPh] [Me NCS] XV 
Synthesis from Rh[Me
n
NC(S)NPh](C0H..)_ and Me.NC(S)ÑPC(S)NMe_ analogous 
to XIV. 
Oxidative addition reactions of Rh[Ph PC(Nptol)Nptol] (PPÍ¡ )
 an¿ 
Rh[Ph PC(NPh)0] (PPh ) with Me NC (S) Cl, Me NC (S) SC (S) Же or 
[Me2NC(S)]2S 
0.3 mmol of the starting Rh complex was suspended in 20 ml benzene under 
nitrogen. A solution of 0.6 mmol Α-B in 50 ml benzene was added dropwise. 
After the addition the mixture was stirred for one hour. After precipi­
tation with n-hexane the orange-yellow complexes were filtered off, 
washed with diethyl ether and dried in vacuo. The yields were in the 
range 30-80%. (For the complexes, see text on page 130 ). 
REACTIONS AND PRODUCTS 
The Rh(III) tris-hetero-allyl complexes are prepared either by 
substitution or by oxidative addition. Figures 3 and 4 summarize both 
synthetic routes. 
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Rh I I ICl 3-3 H 20 
3[X-C(Z)-Y] 3 Cl 
3 H 20 
У?и^^^ 1 
2[X-C(Z)-Y] 
Ν 
2 Cl 
з н2о 
!5{PhCl[X-C(Z)-Y]2}2 
bis complex 
[X'-CÍZ'J-Y]9 Cl 
л^^г 
RhIII[X-C(Z)-Y]. 
tris complex 
Rh III [x-ctzi-Yl^x'-ctzM-Y'] 
mixed tris complex 
Fiqure 3. Synthesis of Kh(III) tris-hetero-allyl complexes from 
Rh Cl •3 H^O via substitution. 
-В 
L/
Rh
-/-Z 1 ' 
2L 
Rh [X-CtZi-YltX'-CfZ'l-Y'], 
> < > -
S^iV 
1 
2 2 
^ 
2L 
RhIII[x-c(z)-Y][x,-c(z,)-Y,][x,-cz·] 
Figure 4. Synthesis of Rh hetero allyl complexes via oxidative 
addition of Α-B to RhI[X-C(Z)-Y]L_ (L = CDH,., PPh,). 
Z о 1ч J 
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The synthesis of the bis complexes ÍRhCl[x-C(Z)-Y] } and the 
mixed tris complexes, according to Figure 3, give only poor yields of the 
desired compounds, as a result of ligand scrambling. Moreover, it 
appears that in the substitution reactions generally a mixture of geo-
metric isomers results. The oxidative addition reactions, starting from 
Rh [X-C(Z)-Y]L O (L = C0H , PPh,), on the contrary, chiefly yield one ¿ о 14 J 
isomer, exclusively, which suggests a concerted process of metal ligand 
bond formation and rearrangement of the ligands in the complex. 
The two C.H ligands are always easily displaced [16], whereas the 
second PPh molecule can only be substituted if one of the hetero allyls 
possesses a PPh group, implying that after oxidative addition the final 
complex still contains a coordinating phosphine ligand. 
RESULTS AND DISCUSSION 
і?Л[Ме NC(S)NPh] 
For Rh[Me7NC(S)NPh] two geometrical isomers exist, called facial 
and meridional, each having two optical isomers l· and Δ . The Λ forms are 
shown m Figure 5. 
тег Λ fac Λ 
Figure 5. The two geometrical isomers of Rh[Me NC(S)NPh] (Λ forms). 
The fac isomer (orange) and the mer one (brown) can be separated by 
fractional crystallisation. The IR spectra of the two isomers show no 
significant differences (Table 2). 
The H NMR spectra in the methyl region (1-4 ppm), recorded at 
various temperatures are shown in Figure 6. A permutational analysis of 
all intramolecular rearrangements of M(AB) , as performed by Eaton [13] 
and the effect of fast C-N rotation (of the exocyclic C-NMe_ group) is 
given in Tables 4 and 5, for the fac and the mer isomer, respectively. 
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T a b l e 2. IR a b s o r p t i o n s . S p e c t r a measured i n СчІ p e l l e t s . Values i n cm 
Code Compound [Ph PCISJNR] 8 [R N C ( S ) S ] e [H NC(S)NPh] 9 [R NCS] 
V(C-N) M(C=m v(NCN) V(NCN) V (C=N) V (M' ) V(C-S) 
a s s
 v
s 
la fac Rh[Me NC(S)NPh] 1534 vs 1105 s 
1537 s,br 1109 m 
II Rh[pipC(S)NPh] 1530 vs 1110 m 
Illb mer RhtPh PC(S)NPh] 1S48 vs 
IVb mer Rh[Ph PC(s)NMe] 1576 vs 
V 
VI {RhCl[pipC(s)NPh] } 1523 vs,br 1108 m 
1129 m 
VII (RhCltPh PC(S)NPh) } 1562 VS 
VIII {RhCltPh PCISJNMe] } 2 15Θ2 vs 
IX Rh[Ph PC(S)NPh] [Me NC(S)NPh] 1549 vs 1540 s,sh 1102 m 
^ 1109 m 
1525 s,sh 1542 vs,br 1109 m 
XI Rh[Ph PC(S)NPh][Et2NC(S)s] 1548 s 1502 s 
XII RhlPh PC(S)NPh][Me NC(S)s][Me NCS) 1540 s 1511 s 
XIII Rh[Ph PC(S)NPh][Me NC(S)NPh][Me NCS] 1538 s 1532 s 1104 m 1592 s 833 s 924 sh 
2
 919 m 
XIV Rh[Me NC(S)s][Me NC(S)NPh][Me NCS] 1518 s , s h 1532 v s . b r 1 1 0 5 s , b r l 5 8 8 s,br 838 ra 920 m 
1540 v s . b h 
XV Rh[Me NC(S)NPh] [Me NCS] 1540 ч,Ьг il07 s 1590 ь 840 m 949 m 
921 m 
1582 s 
927 ra 
935 m 
933 w 
920 s 
911 η 
927 m 
937 w 
909 m 
914 m 
930 m 
950 m 
908 m 
920 η 
911 m 
902 m 
832 m 934 m 
918 m 
350 
327 
352 
330 
322 
340 
340 
328 
335 
337 
333 
w 
w 
w 
br 
w-m 
w 
w 
w 
vw 
w 
w 
352 
319 
352 
311 
334 
314 
360 
330 
w-
w-
ra 
w 
w 
w 
w 
w, 
-m 
-m 
,br 
.br 
,br 
,br 
Table 3. H NMR parameters (allfatic region). Λ in ppm relative to TMS 
s = singlet, m = multipet; t = triplet; q = quartet 
Code Compound Solvent Tamp. 
C0C) 
Assign­
ment 
Intensity ratio 
arom:alif 
fac Rh[Mc NC(S)NPh] 
mer Rh[Me NC(S)NPh] 
Rh[pipClS)NPh] 
IVb mer Rh[Ph PC(S)NMe] 
(RhCl[pipC(S)NPh]2}2 
Rh[Ph PC(S)NPh] [Me NC(S)NPh] 
Rh[Ph PCCS)NPh][Et NC(S)S]-0.3 C7H 
С 7 В 
C7 D8 
CDC13 
CDC13 
CDC13 
CDClj 
CD 2C1 2 
29 
-70 
29 
-31 
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25 
2b 
25 
25 
25 
2.32 
2.10 
2.36 
2.33 
2.2ft 
2.23 
2.23 
2.21 
2.13 
2.08 
2.47 
2.41 
2.36 
2.35 
2.07 
1.07 
Э.60 
3.50 
3.56 
3.40 
3.37 
3.34 
3.32 
3.29 
1.27 
3.23 
3.22 
3.20 
3.16 
3.12 
1.40 
2.59 
3.45 
0.99 
2.36 
s 
Ξ 
Ξ 
S 
S 
S 
Ы 
s 
5 
5 
S 
S 
S 
S 
m 
ш 
Ξ 
Ξ 
Ь 
S 
S 
S 
s 
s 
s 
Ξ 
S 
S 
S 
Ш 
m 
s 
q 
t 
Ξ 
(br) 
(3H) 
(3H) 
(3H) 
(1?H) 
(1BH) 
1 
? 
2 
2 
2 
1 
1 
1 
1 
1 
1 
3 
2 
(BH) 
(12H) 
(4H) 
(6H) 
(IH) 
1 
! 
1 
i 
relative 
inten-si 
ties 
-
-сн2 
-СИ, 
d 
с 
d 
3r 
С 
d 
a, 
с 
d 
a, 
-
b 
b 
ь 
toluene 
5:6 
15.18 
15:30 
30:9 
10:20 
35:6 
16:20 
This isomer « 70% of total intensity. 
Table 4. Permutational analysis for the CH signals of the H NMR spectra of Fac-Rh[Me.NC(S)NPh] 
Operation Averaging 
set 
Not configurational 
change 
Changes in signal 
multiplicity 
Changes in signal 
multiplicity 
upon CN rotation 
(12) (34) (56) 
None 
None 
(12) 
(34) 
(56) 
Fac — • Mer 
,b,d 
-,c,d 
(12)(34) 
(34)(56) 
(12)(56) 
Fac — » Mer 
,b,d ,c,d 
E* 
(12) (34) (56)* 
Δ •Λ 
Δ 'Λ 
(12)* 
(34)* 
(56)* 
Δ »Λ 
Fac —»Mer 
,b,d ,c ,d 
(12) (34)* 
(34)(56)* 
(12) (56)* 
Δ — ' Λ 
Fac — • Mer 
,b,d ,c,d 
Intensity ratio: al:l,· bl : 1: 1: 1:1:1 ; Cl:l:l. 
The maximum number of signals is only obtained when the fac isomer is completely and irreversibly con­
verted into the mer isomer. For a description of the conversion rate modulated spectrum, see Alexander [19]. 
Table 5. Permutational analysis for the CH signals in the H NMR spectra of Mer-Rh[Me NC(S)NPh] 
Operation Aver­
aging 
set 
Net configurational 
change 
Net site 
inter­
change 
None 
(xy) 
Change in 
signal 
multiplicity 
6 6 a 
6 4 C 
Changes in signal 
multiplicity 
upon CN rotation 
6 3b 
4 2 d (12) (34) (56) 
(12) 
(34) 
(56) 
(12)(34) 
(34)(56) 
(12) (56) 
E* 
(12) (34) (56)* 
(12)* 
(34)* 
(56)* 
(12) (34)* 
(34) (56)* 
(12)(56)* 
None 
None 
Mer —-1/3 Fac + 2-/3 Mer (yz) (xz) 
Mer —»1/3 Fac + 2/3 Mer (xyz) (xzy) 
Л — - t i 
Δ — ' Λ 
Δ — » Λ 
Mer »І/З Fac + 2/3 Mer 
Δ •Λ 
Mer »1/3 Fac + 2/3 Mer 
None 
(ХУ) 
(yx)(xz) 
(xyz)(xzy) 
6 2 
6 6 
6 4 
6 2 e 
Intensity ratio:ai:l:l:l:l:l; Ь1:1:1; C2:2:l:l; d2:l; β1:1. 
For the fac isomer only one methyl signal is observed throughout the 
whole temperature range, which implies, that only the rearrangements of 
type A , A , A and A in combination with a fast CN rotation can be 
active.However, A and A seem to be highly improbable permutations, 
because the physical mechanism corresponding to A is a simultaneous 
о 
180 rotation of the three chelate rings via an approximately hexagonal 
transition state and because A is only achieved by inversion. Permutation 
A is achieved by a trigonal or Bailar twist mechanism, involving a 6 
trigonal prismatic intermediate. Such a twist movement is known to be 
operative in octahedral complexes. The decision A or A , that is rigidity 
1 6 
or Bailar twist, is not possible. Due to the non-diastereotopic nature of 
the substituents, the active operation(s) cannot be selected. 
The mer isomer, we have measured, contained a slight impurity of the 
fac isomer. Apart from a low intensity methyl signal of this isomer, at 
room temperature three methyl signals of equal intensity are observed. 
This signal multiplicity is to be expected, when A and Aj. are operating. 
As A corresponds to the highly improbable inversion, the conclusion is 
that apart from a rapid rotation about the CN bond, at room temperature 
the complex is stereochemically rigid. On increasing the temperature two 
signals shift towards each other and thereupon exhibit line-broadening, 
indicating the start of an exchange process of type A , A . As mentioned 
above, A„ is practically impossible. By consequence an A permutation, 
achieved by a Ballar twist, is then operating. The two methyl signals, 
predicted for the rapid exchange limit (2:1 intensity ratio) are, however, 
not obtained, probably because of the upper temperature limit, dictated 
о 
by the solvent (toluene). Moreover, at 109 С the mer isomer converts 
completely into the fac isomer, which is shown by the decreasing intensity 
of the signals of the former isomer at the benefit of the latter one. 
After heating a solution of mer Rh[Me NC(S)NPh] for about one hour at 
о 
109 С, the mer signals have completely vanished. This conversion is 
irreversible as can be seen after cooling the solution to room temperature. 
A conversion of the fac isomer into the mer form is not observed. 
The enantiomensation in Eh[R NC(S)S] has been found to possess a 
high activation energy [14]. The assumption of such a high energetic 
barrier may well explain, why a f 
occurs at high temperatures only. 
ast Bailar twist (A ) for the mer isomer 
D 
120 
-70° С 
-40° С 
+ 29° С 
+ 109° С 
7 ^ 6 
+ 29° С 
af ter cooling 
from 109° С 
J i I I I L j ι ι ι : L 
Figure 6. The H NMR spectra of fac and mer Rh[Me2NC(S)NPh]3 at 
various temperatures. Methyl region. 
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Table 6. Ρ ί Η} NMR parameters. Spectra recorded at room temperature 
(25 0 C ) . δ in ppm relative to 80% H^PO,. 
3 4 
δ
τΜΡ-
δ
Η PO ~ + 2 · 3 р р ш · ( U P f l e l d = + ) ; J l n H z · 
3 4 
Code 
Ilia 
Illb 
IVa 
IVb 
VII 
VIII 
IX 
XI 
XII 
XIII 
Ref. [8] 
Compound 
f ас 
mer 
fac 
mer 
Rh[Ph PC(S)NPh] 
Rh[Ph PC(S)NPh] 
Rh[Ph2PC(S)NMe]3 
Rh[Ph2PC(S)NMe]3 
{RhCl[Ph2PC(S)NPh]2}2 
{RhCl[Ph2PC(S)NMe]2}2 
Rh[Ph PC(S)NPh] [Me NC(S)NPh]C 
Rh[Ph2PC(S)NPh][Et2NC(S)s]2 
Rh[Ph PC(S)NPh][Me NC(S)S][Me NCS] 
Rh[Ph PC(S)NPh][Me NC(S)NPh][Me NCS] 
Rh[Ph PC(S)NPh][Me NCS]Cl(PPh ) 
Solvent 
COCÍ b 
COCÍ b 
COCl^ 
CDC1 
COCÍ a 
CD2Cl2a 
CDC12 a 
C D 2 C 1 2 a 
CD2Cl2a 
CD2Cl2a 
CD2Cl2a 
Recorded on a Bruker WH 90 spectrometer at 36.44 MHz. 
Recorded on a Vanan SC 300 spectrometer at 121 MHz. 
^he isomer, the parameters o^ which are given, is about 70% of the total 
intensity. 
d 
Group trans 
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Zi І2 ^ 
&, lJ
 h „
 й
 6 ^ d 6 ^ d 2 J 2 J 2 J 
1 Rh-P u 2 Rh-P 3 Rh-P Р Г Р 2 Р Г Р 3 P 2 ~ P 3 
14.2 8 7 . 2 S 
2 7 . 6 7 9 . 0 PPh 2 9 . 1 79 .0 
1 5 . 8 8 7 . 6 S 
30 .2 7 8 . 5 PPh 3 1 . 1 7 8 . 0 
3.7 
C I S 
pph2 
PPh2 
22. 
24. 
.8 
.2 
87 
84. 
.0 
.8 
S 
S 
475 
trans 
470 
trans 
20.8 
CIS 
22.2 
CIS 
3.4 
cis 
4.5 
CIS 
17.2 
19.9 
17.3 
11.2 
13.2 
17.6 
28.8 
P P h 2 
98.9 
99.0 
87.9 
94.6 
93.4 
94.0 
73.0 
S 
S 
S 
S 
PPh 
15.5 92.8 
-19.8 101 
PPh 
S 
P P h 2 518 
t r a n s 
123 
Fac and mer RhfpipC (S)NPh] could not be separated and unfortunately, 
cannot be distinguished by spectroscopic techniques. 
Rh[Ph PC(S)NR] (R=Ph,Me) 
Mer Rh[Ph PC(S)NR] IS the main product from the reaction of RhCl... 
3 H.O with [Ph2PC(S)NR] . When rapidly precipitated the compounds always 
contain mixtures of the fac (+ 5 %) and the mer [+_ 95 %) isomer. The values 
of ν(C=N) in the IR spectrum of these compounds exclude N coordination, so 
the ligand is coordinated by Ρ and S. 
Figure 8 shows the Ρ { н} NMR spectrum at 121 MHz of mer 
RhtPh.PCÇSJNPhK recorded at 11 C, as well as its simulation, obtained 
after least square optimisation. The structure, given in Figure 7, suggests 
that the phosphino groups in trans position to each other are almost 
identical. As (δ -6 ) is relatively small, a higher order spectral analysis 
becomes necessary. Indeed the spectrum can be simulated for an ABXRh-
pattern [20]. The computed spectrum is not very sensitive to variations m 
the values of the majority of the parameters, because of the high value of 
2 
475 Hz for J (A-B) ; only changes in (δ -δ ) have appreciable influence trans A B 
on the simulated spectrum. The difference between the values for J(A-X) 
2 cis 
(-20.8 Hz) and J(B-X) (+3.4 Hz) is striking. In order to explain this 
cis " * 
the variation of the metal -s, -p and -d contributions to J(P-P) , owing 
CIS 
to slightly different P-Rh-P aperture angles [15], has been suggested as 
the cause for this difference and the opposite signs [3]. 
MR (B/A)
 N R 
Ph2 ^ Ph2 // 
p — С Ρ — С 
^ ι Λ ^ ι j 
RN=cC J^Rurf RN=C JTRhrf 
^ P " ^ I ^ P P h , P - ^ I ^ S 
Ph2 I / Ph2 I / 
NR
 ( A / B ) NR 
Figure 7. Fac and mer Rh[Ph PC(S)NR] (R=Ph,Me). The Δ isomers are 
shown. 
The spectra, measured at various temperatures (Figure 9) clearly 
demonstrate a temperature dependence. At low temperature the spectrum can 
be simulated for an A.XRh model. At about +11 С an ABXRh spectrum is 
124 
© 
® 
и LJ^JW^. 
JULU^ JU 
Figure 8. Ρ { Η} NMR spectrum of mer Rh[Ph PC(S)NPh] at 121 MHz. 
a_ Measured at 11 С in CDC1 . 
b Simulated for an ABXRh pattern (see text) . 
observed. At increasing temperature the spectrum gradually turns into an 
AMXPh spectrum. No line-broadening is observed at any of the temperatures 
measured, denying the presence of at least two species in equilibrium. 
Furthermore the δ and J(Rh-P) values of all three phosphino groups 
remain in the same range, confirming the preservation of all three chelates; 
thus the generation of any five coordinate species can be excluded. No 
mer fас isomerisation occurs, because a mixture of both isomers shows 
neither line-broadening nor change in relative intensity ratios, when 
measured at different temperatures. Intramolecular rearrangements with a 
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.„•с л л J 
-5° С JU и 
-150C 
I 
UL 
-30° с il 
- 4 9 0 C M и 
126 
104° с ^ V I ^ I Í L J V V ^ A N ^ ^ ^ w"^WLv* Vч^л*-nv^^ΛAУ^v -^лΛ^^^*/V 
+ 82° С lv—W 
46° с ^vJl'twJ »4 і »іЛ^Г» 
-4*A^^-*Jv*· 
HM+fiM^nvJHS п У V|^V4<wWyi^«>iVVi^wH^»itVWVw*W>i<^w« 
Figure 9. Spectra of mer PhtPh PC(S)NPh] , recorded a t var ious 
temperatures in CDCl or C-,D . 
J / о 
net configurational change like the Bailar twist seem to be most improbable 
because of stenc hindrance. The positions (syn or anti) of the Ph or Me 
substituents, attached to the exocyclic N atoms (to be discussed below) 
have no observable influence upon the shape of the NMR signals. The 
differences between the spectra, recorded at various temperatures, cannot 
be explained in terms of a chemical process or isomensation. The occur­
rence of relatively small changes within the molecule (distances, angles), 
which causes some of the NMR parameters to become temperature dependent, 
may provide an explanation. 
The measured NMR parameters are in the range as reported before. 
Predominantly the trans atom influences δ and J(Rh-P) as observed 
earlier [2] . When sulfur is the trans atom, δ varies from 14.2 to 24.2 
ppm and J(Rh-P) from Э4.8 to 87.6 Hz. In the case of a trans Ph.P-group, 
1 ^ 
δ varies from 27.6 to 31.1 ppm and J(Rh-P) from 78.0 to 79.0 Hz. The 
2 
large J(P -P ) coupling amounts to about 470 Hz. 
A B trans 
The methyl groups in mer Rh[Ph PC(S)NMe] can take syn or anti 
positions towards phosphorus. When free rotation about the C-N bond is 
hindered, and there is no pronounced preference for one of the positions, 
the three different CH -groups give rise to eight conformational isomers, 
J
 1 
which would cause 24 lines in the H NMR spectrum. However,two of the CH -
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СНзМ= 
с 
Ph-
^ Р -
=S' 
Ph2 
P-
; 1 
^ R h : 
P-
Ph2 
//"Г' 
— С -
ι 
^ s 
^ s 
! 
— r 
NCH, 
b 
Ph, Ph, 
/ P \ /CH' / P \ 
Rh C=N Rh C=N 
Figure 10. Mer RhOh-PC (S)NMe] . Syn and anti positions of CH,-group. 
groups will be nearly equivalent (a and b), which means a reduction to 
14 lines. The actual NMR spectrum shows 13 lines. Even at 57 с no line-
broadening or change in signal multiplicity is observed. Therefore, free 
C-N rotation does not occur, confirming considerable π-electron density in 
the C-N bond. 
{RhCl[X-C(Z)-Y]2i2 
The dimerlc species {RhCl[x-C(Z)-γ] }. show ligand absorptions in the 
IR, comparable with those of the analogous tris complexes. v(M-Cl) could 
not be assigned. In the Ρ NMR spectrum of VII and VIII δ is about 20 
ppm and J(Rh-P) amounts to 99.0 Hz, for the principal isomer l+_ 60 %) , 
for which the structures are not yet clear. Mol. weights could not be 
determined because of the insufficient solubilities. 
Mixed tris-complexes 
The Η NMR and the Ρ NMR spectrura of IX indicate that also for this 
compound a number of geometrical isomers occurs. The principal isomer 
(about 70 %) has δ at 2.59 ppm (s) and δ(P.) and δίΡ,) at about 17 ppm 
1 5 2 
with J(Rh-P ) and J(Rh-P ) of nearly 90 Hz and J(P -P ) of 3.7 Hz. We 
cannot discriminate between Ρ and Ρ . The phosphino groups take cis-
positions to each other and have sulfur as trans ligands.(See Figure 11). 
For the complexes XI, XII and XIII, each having one Ph P-group, only 
one geometrical isomer occurs.δ varies from 11.2 to 17.6 ppm and 
1 P 
J(Rh-P) from 93.4 to 94.6 Hz. In these complexes the atom trans to 
phosphorus is always sulfur. The Η NMR spectra of compounds XI-XIII 
provide information concerning rotation about the exocyclic C-N bond. Like 
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NPh 
Ph 2 // 
P hN=C " ; R h ^ ^ p h 
Ph2 I / 
s—С 
\ 
N — CH, 
/ 
CH3 
Figure 11. The structure of Rh[Ph PC(S)NPh] [Me NC(S)NPh], IX. 
in Rh[Me NCtSINPhK free rotation takes place for the ligand [Me NC(S)NPh] , 
even at low temperature, but for the ligand [Me NC(S)S] only at circa 50 
С The ligandfMe NCS]~ does not yet exhibit this behaviour at 50 С The H 
NMR and the IR (ν is about 1590 cm ) point out, that the [Me NCS] 
2 
entity is η coordinated [8]. (Figure 12). 
For XIV and XV several isomers were found. No assignments have been 
made. 
NPh NPh NPh 
Ph 2 // Ph 2 // Ph2 // 
ρ — С Ρ — С Ρ — С 
^ - S - î - S ¿-"NS ^R|<N-Ph 
S—с Me — N S—ς Me — N S—с 
\ V \ V \ 
N—Et Me N—Me M e N — M e 
/ / / 
Et Me Me 
Figure 12. The structure of XI. Possible structures.of XII and XIII. 
Oxidative addition reactions of Rh[Ph^PC(Nptol)Nptol] (PPh ) and 
2 3 2 
Rh[Ph2PC(NPh)0](PPh3) 2 with Me^C (S) CI, [Me^C (S) ] S or [Me NC(S)S] . 
The oxidative additions of Rh[ Ph PC (Nptol)Nptol] (PPh ) or 
Rh[ Ph2PC(NPh)0] (PPh ) with compounds A-B [17] are shown in Figure 13. 
Probably oxidative addition of one A-B molecule occurs, immediately 
followed by a reductive elimination. The metal containing intermediate 
then reacts with a second reactant molecule A-B leading to the metal 
complexes found (see Figure 13). Two equivalents of the reactant A-B are 
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P h - P P P h _ 3
 4 / \ 2 
Rh C = N p t o l 
/ \ / 
P h Ρ N 
p t o l 
P h , P P P h „ 
3
 \ / \ 2 
Rh C = 0 
/ \ / 
P h ^ P N 
P h 
2 Me N - C - C l 
M e 2 N s c , S - . c ^ N M e 2 
RhCl2[Me2NCS](PPh3)2 
+ other products 
_^ Rh[Me2NCS][Me2NC(S)S]2(PPh3) 
+ other products 
M e2 N sC^ S" S-C'' N M e2 
_^ Rh[Me2NC(S)S]3(PPh3) 
+ other products 
Figure 13. The oxidative additions of Rh[Ph PC(Nptol)Nptol](PPh ) 
3'2 
or Rh[Ph2PC(NPh)0](PPh ) with compounds A-B. 
needed. If only one equivalent is added, the reaction is not complete and 
the unconverted starting complex is still present. As regards the reductive 
elimination reaction, we were not able to identify the organic products. 
As the Rh-N bond is weaker in comparison with the Rh-S bond [3], elimina­
tion of ptolN=C=Nptol and Ph-N=C=0 seems likely [18], which may give rise 
to decomposition products. 
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CHAPTER VII 
RHODIUM(III)-BIS AND -TRIS HETERO ALLYL COMPLEXES 
SECTION В : ELECTROCHEMICAL OXIDATION AND REDUCTION OF Rh [Ph PC(S)NR] 
(R=Ph,Me) ,Rh[Me NC(S)NPh] AND Rh[Bu NC(S)S] . GENERATION OF RHODIUM(I) 
SPECIES AND THEIR REACTION WITH CARBON MONOXIDE. 
D.H.M.W. Thewissen and J.G.M. van der Linden 
SUMMARY 
Cyclic voltammetry and pulse polarography show, that under nitrogen 
the complexes Rh[ph PC(S)NR] (R=Ph,Me) , RhtMe NC(S)NPh] and RhÍBu NC(S)s] 
are chemically irreversibly oxidised in a one-electron process. Upon 
oxidation of Rh[Bu NC(S)s] , the dimenc species Rh [flu NC (S) sl^ is most 
probably formed. Introduction of CO has no influence on the cyclic 
voltammograms. 
Under nitrogen the complexes Rh[ph PC(S)NR] and RhfBu NC(S)s] are 
chemically irreversibly reduced in a two-electron process, yielding Rh(I)-
species. The reduced product is oxidised in a one-electron step, probably 
resulting in an unstable Rh(II)-complex. For Rh[Ph PC(S)NR] no splitting off 
of a ligand is observed, whereas under CO one phosphino ligand is displaced 
by CO after the electrochemical reduction. Even under nitrogen Rh[Bu NC(S)s] 
displays liberation of dithiocarbamate upon reduction. Under CO the two-
electron reduction at the same low potential, is immediately followed by 
substitution of the ligand with CO and further reduction to presumably 
[Rh(CO) ] . This is supported by the considerable increase of the oxidation-
wave of the free [flu NC(S)s] ligand and the observation that the complex 
Rh (CO) [Et NC(S)S] is reduced at a lower potential. 
INTRODUCTION 
In the preceding section we reported on the synthesis and characten-
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sation of Rh(III)-tris hetero allyl complexes, Rh[X-C(Z)-Y] . These 
compounds are chemically rather inert in ligand substitution reactions. At 
ambient temperature no reaction with carbon monoxide occurs. It is generally 
known, that the reactivity of Rh(III)-tris chelate complexes is chiefly 
restricted to redox reactions with suitable reducing agents. Thus Rh(I)-
species can be prepared, which, on the contrary, show reactivity in substi-
tution reactions, e.g. towards CO. 
In this paper the electrochemical oxidation and reduction of 
Rhtph PC(S)NR] (R=Ph,Me) , Rh [Me NC(S)NPh] and Rh [Bu NC(S)S] are described 
as well as the chemical follow-up reactions of the generated Rh(I) products 
with carbon monoxide. 
EXPERIMENTAL 
The complexes Rh[Bu NC(S)S] [1], Rh (CO) [Et NC (S) S ] [2], 
Rh[Me NC(S)NPh] [3], Rh[Ph PC(S)NR] (R=Ph,Me) [3] and Rh (CO) [Ph PC(S)NPh]-
-[ph PC(S)NHPh] [4] were prepared by published procedures. 
Electrochemical measurements were made with a three electrode Bruker 
E 310 instrument with Pt working and auxiliary electrodes. Measurements 
were made with complex solutions in the range (0.5 - 1.0)xl0 mole dm 
in acetone (0.1 mole dm Bu NC10 ) with potentials referred to a Ag/AgCl 
(0.1 mole dm LiCl-acetone) reference electrode [5]. Normal pulse 
voltammograms were obtained at a scan rate of 5 mV s with a pulse 
frequency of 2.0 pulses s . Cyclic voltammograms were taken with a scan 
rate of 150 - 300 mV s . All values reported in this paper are measured on 
the first and second scan voltammograms. 
RESULTS AND DISCUSSION 
OXIDATIONS 
Pulse Polarographie and cyclic voltammetric techniques show that the 
rhodium(III)-tris hetero allyl complexes Rh[x-C(Z)-Y] , can be oxidised at 
a Pt electrode in the potential range +1.10 - +1.50 V versus a Ag/AgCl 
reference electrode in acetone solution under nitrogen atmosphere. Due to 
the insufficient solubility of Rh[Me NC(S)NPh] in acetone, this complex 
was measured in CH Cl„. Table 1 summarises the data from these electroche-
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Table 1. Electrochemical data for rhodium hetero allyl complexes and their reaction with CO 
Compound 
OXIDATIONS 
RhtPh2PC(S)NPh]3 
Rh[Ph2PC(S)NMe]3 
Rh[Me2NC(S)NPh]3
d 
Rh[Bu2NC(S)S]3 
REDUCTIONS 
Rh[ph PC(S)NPh] 
Rh[Ph PC(S)NMe] 
Rh[Bu2NC(S)s]3 
Rh(CO)2[Bu2NC(S)S] 
Medium 
N 2 
CO 
N2 
CO 
N 2 
N 2 
CO 
N 2 
CO 
N 2 
CO 
N 2 
CO 
N 2 
CO 
Pulse 
S 
1.44 
1.45 
1.36 
1.35 
-
1.22 
1.22 
-1.21 
-1.20 
-1.26 
-1.27 
-1.77 
-1.79 
-1.58 
-1.65 
Polaro-
graphy^ 
Vc 
15 
12 
13 
12 
-
20 
20 
30 
29 
27 
24 
40 
80 
23 
39 
Cyclic 
E 
Ρ 
1.49 
1.49 
1.45 
1.09 
1.24 
1.27 
-1.27 
-1.26 
-1.30 
-1.29 
-1.92 
-1.94 
-1.65 
-1.73 
voltammetry 
p/cv 
40 
30 
35 
33 
59 
62 
72 
70 
65 
57 
80 
169 
47 
96 
anodic 
E 
Ρ 
+0.14 
+0.02 
+0.08 
-0.06 
-0.70 
+0.39 
p/cv 
36 
28 
38 
23 
14 
10 
anodic 
E 
Ρ 
+0.16 
+0.16 
+0.16 
+0.15 
P/cv 
7 
53 
1 
17 
aIn acetone vs Ag/AgCl electrode. ^Scan rate 5 mV s - 1; Ei in V; 1d/c in mA dm3 mole . cScan rate 0.2 V s *; 
1p/cv12 -1 y-h. df. E in V; •Lp/cv'5 in mA s"2 dm-5 mole i V ^. ^ Measured in СНоСІ^ eOxidation waves of the electrochemically 
generated Rh (I) complexes. ^Oxidation of the free ditmocarbamate ligand. 
mical measurements. 
In all cases only one oxidation wave is observed being a one-electron 
oxidation as can be seen from the measured current functions, ι ,/c and 
-h 
ι /cv , respectively. Cyclic voltammetry shows that these oxidations are 
chemically irreversible. 
The species generated by oxidation of Rh[Ph PC(S)NR] and 
Rh[Me NC(S)NPh]., are electrochemically inactive, for even on extending the 
potential to more negative values no cathodic waves are shown. Probably 
the oxidation products immediately decompose or undergo a rapid chemical 
follow-up reaction upon their electrochemical generation. 
It is remarkable that the electrochemical oxidation of the free 
protonated ligand Ph PC(S)NHR (R=Ph,Me) occurs at about the same high 
potential (ca 1.4 V). However, as Rh[Ph PC(S)NR] does not display ligand 
dissociation [3], this is considered to be a coincidence. 
The observed oxidation of Rh[Bu NC(S)s] at +1.22 V agrees well with 
the value, reported for the methyl analogue [6]. With this oxidation of 
Rh[Bu NC(S)S] we further observe small cathodic peaks at -0.79 and -0.29 
V (See Figure 1). We assign the wave at -0.79 V to the formation - though 
in low concentration - of a dimeno species Rh [Bu NC (Ξ) S]_ (equations 2 
and 3), for unpunfied samples of Rh [Bu NC(S)S] , prepared in situ 
according to the procedure described in ref. [6], show in the cyclic 
voltammogram a large reduction wave at -0.81 ν and a peak at -0.29 V of 
poor reproducibility, probably caused by some impurity. The binuclear 
character of Rh^fMe NCtSlS],. , which complex was reported to be obtained 
by chemical oxidation of Rh[Me NC(S)S] with BF, under aerobic conditions 
[6] also yielding oxidised ligand products [7], has been well established 
by an X-ray structure determination [6]. 
With these data and the results of the work of Martin et al. [6] we 
suggest the following reaction scheme. 
• 1 + Rh[Bu2NC(S)S]3 +1~24 $ Rh[Bu2NC(S)S]^ • Rh[Bu2NC(S)S]2[Bu2NC(S)S"] 
• Rh[Bu2NC(S)S]2 + [Bu2NC(S)S·] (1) 
Rh[Bu2NC(S)s]2 + Rh[Bu2NC(S)s]3 >• Rh^Bu^CÍS) S]* (2) 
Rh2[Bu2NC(S)s]* ^ 2 ^ v' Rh2[Bu2NC(S)s]^ • 
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-1.10V Potential (V) .1.40V 
F i g u r e 1. C y c l i c voltammogram of t h e o x i d a t i o n of Rh[Bu.NC(S)s] . 
Rh[Bu NC(S)S] + Rh[Bu NC(S)S] 
[ B u 2 N C ( S ) s · ] h [ B U 2 N C ( S ) S ] 2 
(3) 
(4) 
As there is no indication for the existence of a Rh(IV)-dithiocarbamate 
species so far, it seems obvious, that on oxidation of Rh[Bu NC ( S ) S ] 
predominantly the ligand is attacked ( equation 1). The resulting 
Rh [Bu-NC(S)S ] species will immediately react with the unconverted starting 
material, which accounts for the formation of the binuclear product (equation 
2). The oxidised ligand is known to dimense rapidly [ Θ] . It is furthermore 
known that [R NC(S)S] can be oxidised at about +1.22 V in acetone [9] or at 
2+ 
+0.80 V versus SCE in acetonitrile [13] solution leading to R -bitt 
products,shown in equation 5. 
-2e ,_ 2 + .. 2+ [Bu2NC(S)S]2 + 1 _ 2 2 v • [Bu2NC(S)S]2 Bu„-bitt 4 (5) 
This reaction together with the somewhat faster diffusion of the [Bu NC(S)s]-
complex in comparison with the [Ph.PC(S)NR]-analogue (due to the smaller 
size of the former one) may contribute to the larger current functions found 
for the oxidation of Rh[Bu-NC (S) s]... 
Bubbling carbon monoxide through the solution does not affect the 
values of the oxidation potentials and the currents. This is in accordance 
with the expectation that the high-valent metal centre has only poor 
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affinity for a -n^ acid like CO. 
REDUCTIONS 
Rh[Ph PC(S)NR] (R=Ph,Me) and Rh[Bu_NC(S)S] are chemically irrever­
sibly reduced at low potentials, at ca -1.25 V and -1.77 V, respectively. 
Inspection of the measured i/c values leads to the conclusion that under 
nitrogen a two-electron transfer process occurs most probably generating 
Rh(I) species. As the generated compounds exhibit different oxidation 
behaviour and different chemical follow-up reactions, the systems will be 
treated separately. 
a Rh[Ph PC(S)NR] (R=Ph,Me) 
The cyclic voltammograms of these compounds (Figure 2) show the reduc­
tion and the subsequent one-electron oxidation of tne generated Rh(I) species. 
No ligand molecule is split off upon reduction of Rh[Ph PC(S)NR] , for in 
the cyclic voltammogram no reduction peaks of the free ligand are observed 
(for R=Ph to be expected at -1.79 V). So we conclude that according to 
equation б the octahedral Rh[Ph C(S)NR] is reduced in a two-electron step 
to a square planar rhodium(I) compound. As no ligand is split off, we 
suppose two of the three ligands to become monodentate coordinated. Based 
on our chemical experience with complexes of this ligand, the formation of 
a negatively charged complex containing monodentate [Ph PC(S)NR] seems 
most improbable. Therefore, we think that the present reduction is attended 
with immediate protonation. Even in dried solvents sufficient water is 
available. Moreover, addition of a small drop of water or perchloric acid 
in a separate experiment has no detectable influence on the voltammograms. 
The proposed reduction product may be analogous to the rhodium(I) complexes 
Rh[Ph PC(S)NR](PPh ) [14,15] and Rh(CO)[Ph PC(S)NR][Ph PC(S)NHR] [4] , 
recently reported by us. 
The generated Rh(I) complex, then undergoes a one-electron oxidation 
at about +0.1 V, probably yielding a Rh(II) compound, which is not stable 
and decomposes, because the oxidation wave is not accompanied by a 
subsequent reduction (equation 7). 
Reaction with CO. 
When Rh[Ph PC(S)NR] is reduced in acetone solution, continuously 
kept saturated with carbon monoxide, this complex is reduced at the same 
potential (ca -1.25 V) with the same i/c value (Figure 3), as when measured 
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-1 75 V Potential (V) • 0.A5V 
Figure 2. Cyclic voltammogram of the reduction of RhfPh.PC(S)NPh] 
measured under nitrogen atmosphere. 
•1.90V Potential (V) 'О.бО 
Figure 3. Cyclic voltammogram of the reduction of Rh[Ph.PC(S)NPh]. 
measured under carbon monoxide atmosphere. 
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under nitrogen. The resulting Rh(I) species exhibits a rapid reaction with 
CO (equation 8), as indicated by the disappearance of the oxidation at 
about +0.1 V and the occurrence of an oxidation wave of the thus formed 
Rh (I) carbonyl species at about -0.0 V and of a new cathodic reduction 
wave at -1.79 V, in the case of R=Ph, which can be attributed to the 
reduction of the liberated ligand. In a separate experiment we noted the 
ligand reduction at -1.79 V (R=Ph) and at -1.47 V (R=Me). 
These results lead us to suggest the following scheme for the 
reduction of Rh[Ph_C(S)NR] and the subsequent oxidation of the generated 
Rh(I) complex. 
Ph 2 Ph jj 
Ρ P-C-NHR 
Under N, Rh[Ph P C ( S ) N R L . .^, » RN=C Rh (6) 
2 2 3 -1.27 V \ / \ 
(R=Ph) S . P-C-NHR 
Ph protonation 2 
S 
Rh[Ph„PC(S)NR][Ph.PC(S)NHR] 
2iv,w,. „ j n ^ ^ w / · «jj +0.14 V (R=Ph) 
Rh[ph2PC(S)NR]2[ph2PC(S)NHR] deprotonation ( 7 ) 
Under CO Rh[Ph2PC(S)NR] -τ—r^-— Rh[Ph2PC(S)NR][Ph2PC(S)NHR]2 (6) 
,(R=Ph) 
protonation 
CO Rh[Ph P C ( S ) N R n P h PC(S)NHR] • Ph PC(S)NHR 
+ Rh(CO) [Ph PC(S)NR][Ph PC(S)NHR] (8) 
Rh(CO)[Ph 2 PC(S)NR]tPh 2 PC(S)NHR] _ ^ θ 0 2 у > R h ( C O ) [ P h 2 P C ( S ) N R ] 2 
(R=Ph) (9) 
d e p r o t o n a t i o n 
Ph PC(S)NHR » d e c o m p o s i t i o n (10) 
(R=Ph) 
b Rh[Bu NC(S)S] 
Figure 4 shows a cyclic voltammogram of the reduction of 
Rh[Bu NC(S)S] under nitrogen at a very low potential (-1.77 V) and the 
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start 
-2 20 V Potential (V) • 0 40 V 
Figure 4. Cyclic voltammogram showing the reduction of Rh[Bu.NC(S) S]., 
measured under nitrogen atmosphere. 
•220 V Potential (V) • 0 4 0 V 
Figure 5. Cyclic voltammogram showing the reduction of Rh[Bu.NC(S) S]., 
measured under carbon monoxide. 
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subsequent oxidation of the generated species in the second scan at -0.70 
V and +0.16 V. As it is well established, that free dithiocarbamate is 
irreversibly oxidised in a one-electron process at +0.16 V to the radical 
[BU-NC(S) S'] rwhich rapidly dimenses to thiuram disulfide [BU 9NC(S)S] 
[8], this reaction of Rh[Bu-NC(S)s]_ is accompanied with liberation of 
[Bu2NC(S)S]". 
So we think that the process at -0.70 V is the one-electron oxidation 
of the formed RhtBu.NC(Ξ)S]. . The resulting Rh[Bu NC(S)S] decomposes 
immediately, for even at scan rates up to 25 Vs no subsequent reduction 
wave could be detected. An analogous two-electron reduction with 
concomittant splitting off of [R.NC(S)S] has been recently reported for 
Pt[R-NC(S)S] , another d tns-dithiocarbamate system [11] (equation 11). 
PttiyJCÍSJS]* 2 e » Pt[R2NC(S)S]2 + [R2NC(S)S]" (11) 
Reaction with CO 
The reaction of Rh[Bu NC(S)S] was also studied under carbon monoxide. 
The reduction occurs at the same potential (-1.79 V), however, with a 
twofold increase of the current functions (see Table l;Figure 5), i.e. a 
four electron transfer process is operating. There is also a remarkable 
increase of the peak current for the oxidation of free dithiocarbamate. 
Furthermore, the oxidation wave at -0.70 V, observed when measured under 
nitrogen, has completely disappeared. 
So we conclude, that a rhodium(-I) species is formed. With the 
abundant carbon monoxide present and in view of the enormous increase of 
the dithiocarbamate oxidation peak, the formation of the fully 
characterised [12] [Rh(CO) ] species seems most probable. 
On reducing electrochemically the complex Rh(CO).[Et NC(S)s], which 
was prepared in situ according to a literature procedure [2], we noted 
that a one-electron reduction under nitrogen and a two-electron reduction 
under CO takes place at about -1.60 V. From this observation we conclude 
that Rh[Bu2NC(S)S] is first reduced in a two-electron process at -1.79 V, 
followed by reaction with CO, to Rh(CO).[Bu.NC(S)S]. At this very low 
potential this complex is immediately reduced to [Rh(CO).] (which process 
is found to take place already at about -1.60 V). This also explains that 
in the overall reduction four electrons are taken up by Rh[Bu9NC(S)S] . 
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Comparing the values of the current functions ι /cv for the oxidation 
of the split off dithiocarbamate ligand, a ratio 1 : 3 for Rh(CO) -
-[Et NC(S)S] and Rh[Bu-NC(S)s], is observed, as is to be expected from 
their stoichiometnes. So far we have no explanation for the oxidation at 
+0.39 V, observed after reduction of Rh(CO)[Et NC(S)s] . There are no 
indications, that the formed [Rh(CO) ] is oxidised, because this process 
probably takes place at low potentials, which is not observed. 
The reduction of Rh[Bu-NC(S)s] is shown in the following scheme : 
Under N 2 Rh[Bu2NC(S)S]3 _.^ η 1 v" Rh[Bu2NC (S)S]~ + [Bu2NC(S)S]" (12) 
Rh[Bu2NC(S)S]2 _ ~
e
7 0 » Rh[Bu2NC(S)S]2 • decomposition (13) 
r .,„,_.„i- -e
 r
_ „_,„.„.ι dimerisation [BU 2NC(S)S] + 0 1 6 V ' [Bu2NC(S)S ] -
h [Bu2NC(S)S]2 (14) 
2e - -
Under CO Rh[Bu2NC(S)S] - Rh[Bu2NC(S)s] + [Bu NC(S)S] (12) 
— CO — 
Rh[Bu2NC(S)S]2 • Rh(CO)2[Bu2NC(S)S] + [Bu2NC(S)S] (15) 
Rh(C0)„[Bu
o
NC(S)S] 2e./C°„ - [Rh (CO).]" + [Bu.NC(S)S]" (16) ¿ ¿ -1.b V 4 2 
-. Гг, „„/,.v„-i~ _3e
 r
 .„,„>„.! dimerisation 3 [Bu NC(S S] ^ ., „> 3 [Bu0NC(S)S ] • ¿ +0.16 V ¿ 
3/2 [ B U 2 N C ( S ) S ] 2 (17) 
с Rh[Mo NC CS;WPh] 
Rh[Me_NC(S)NPh] could not be reduced under N within the measuring 
limits of the solvent, viz. CH.Cl.. This supports our earlier conclusion, 
that the thio-urelde ligand stabilises high oxidation states. Recently, 
it has been shown, that for a tris-dithiocarbamato complex with a d metal 
center the redox stability E. -E. , is large (about 3 V) [10]. For 
hox 'jred * 
Rh[Ph PC(S)NR] this redox stability amounts to 2.6 V. Ergo, in view of 
the low value of E. of Rh[Me.NC(S)NPh]^ (+1.10 V) , it is to be expected 
HOY. 2 3 
that the reduction of this complex occurs at the limit of the potential 
range of the solvent, i.e. CH-C1_. 
142 
Up to now the electrochemical reduction of the class of Rh (III)-tns-
chelates, having sulfur donor atoms, has only been reported for Rh(SacSac) 
3_ 3 
[16] and Rh(iimt), [17]. Rh(SacSac), is reduced in a two-electron process 
3-
to Rh(I). However, Rhtmnt) is reduced in a one-electron process to Rh(II) 
as could be expected, considering the properties of mnt-complexes in 
general. 
The observation that upon reduction Rh[Ph PC(S)NR] does not split off 
a ligand, underlines, that phosphines have good coordinating properties 
towards low valent metal complexes. In order to maintain all three 
phosphino groups coordinated, two ligands become necessarily bonded in a 
monodentate way. For Rh[Bu?NC(S) S].., on the other hand, lower potentials 
are demanded for reduction, implying that [Bu7NC(S)S] (and also 
[Me NC(S)NPh] ) stabilises metals in high oxidation states. Upon reduction 
always liberation of coordinated dithiocarbamate is observed, which 
indicates, that [R NC(S)s] has a weaker interaction with Rh(I) than 
[Ph C(S)NR] . CO gives facile substitution of one phosphino ligand in 
Rh[Ph PC(S)NR][Ph PC(S)NHR] , whereas CO reacts with Rh(I)[Bu NC(S)S]-
complexes , yielding [Rh(CO) ] , thus eliminating all coordinated 
[BU-NC(S)S] . This again demonstrates, that [R 9NC(S)S] has only strong 
affinity to Rh(III) compounds, whereas CO is preferred as ligand by metals 
in low oxidation states. 
These results, obtained from electrochemical oxidations and reductions 
are well in accordance with our chemical findings and the general 
expectations, dictated by the HSAB principle. 
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RESUME 
Cette thèse décrit une étude de la structure et de la réactivité de 
composés hétero-alléniques et -allyliques, ligandés à des complexes du 
Rhodium et parfois de l'Iridium. Les noms de ces deux classes de composés 
sont dérivés des noms de l'aliène (H C=C=CH ) et de 1'anion allylique 
θ ([H C-C(H)-CH ] ). Ils forment deux classes extensives, dont font parti des 
composés importants comme le disulfide du carbone, les iso(thio)cyanates, 
les (thio)ureas et les (dithio)carbamates. Nous avons étudié surtout un 
groupe assez récent de ligandés hétéro allyliques, dans lesquelles un des 
atomes substituants est le phosphore. Nous avons exploré des aspects nou-
veaux concernant la structure et la réactivité chimique et électrochimique 
de leurs complexes avec le Rhodium. 
Dans le chapitre I les concepts de hétéro aliène et -allyle sont 
expliqués et un sommaire est donné de la littérature sur la chimie de ces 
composés avec des métaux de transition. La relation chimique entre des 
classes diverses de composés hétéro substitués a été visualisée par une 
série de schémas. 
Le chapitre II contient une description de la synthèse et de la 
caracténsation de composés hétéro allyliques connus et nouveaux, qui 
presque tous contiennent le phosphore à la place d'un des groupes substi-
tués. Le groupe -NR est toujours un des substituants. Dans leurs formes 
protonées, X-C(Z)-NHR, les composés peuvent être considérés comme des 
amines secondaires. Tels quels, ils sont classés par respect à la force de 
la liaison N-H. 
Le chapitre III décrit la ligation des hétéro allyles à des complexes 
du Rhodium et de l'Iridium contenants le PPh . Ces ligandés sont toutes 
coordinées d'une façon bidentale par le phosphore et par un deuxième 
groupe hétéro substituant, dont la préférence de coordination diminue de 
S à NR à 0. Le CO remplace des deux ligandés de PPh celle-là qui se trouve 
trans à cet atom de la chelate, qui a le moms d'influence trans-dirigeante. 
Pour les complexes asymmétnques du type Rh(PPh) (hétéro allyle) il existe 
une correlation entre le couplage P-P et les deux couplages Rh-P selon : 
2J(P,-P-) = -/jtRh-P,)* ^(Rh-P.) - - 1 ^  (Rh-P. J^J (Rh-P ) |-c . 1 2 cis μ 1 2 μ ' 1 2 
Quelques-uns des complexes Rh(PPh) (hétéro allyle) ou Rh(PPh )(CO)-
-(hétéro allyle) ne sont pas stables et éliminent la hétéro aliène, qui 
faisait parti du hétéro allyle originel. Ces réactions d'élimination ou de 
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dé-insertion sont traitées dans le chapitre IV. Ainsi, Rh(PPh ) (SPPh ) a 
2 θ été formé, le premier complexe contenant η -SPPh . Ce complexe peut être 
préparé également par action directe du HSPPh sur le RhCl(PPh ) , avec 
élimination de HCl. 
Le chapitre V décrit les réactions du Ph PC(S)NHR avec le [Rh(CO) Cl] . 
Toujours, une molécule de CO est éliminée. Par l'addition d'une ou de deux 
de ces ligandes et par la présence ou l'absence d'une base, des modes 
diverses de coordination peuvent être réalisées. Dans la forme protonée, 
la mode de coordination est η par P, et exceptionellement 2 η par Ρ et S. 
Dans la forme déprotonée, la mode de coordination est le plus souvent 2 η 
par Ρ et S, et parfois 2 η - μ -η par (Ξ,Ν) et P. 
Le chapitre VI traite les réactions du RhCKPPh ) et du Rh (PPh ) (hé-
téro allyle) avec des hétéro aliènes. Des isothiocyanates (VI-A) et le 
disulfide du carbone (VI-B) diménsent dans une réaction dite "template" et 
ensuite disproportionnent en formant un isocyanide avec un dithiocarbonimi-
date, et un thiocarbonyle avec un tnthiocarbonate. Des isocyanates (VI-C) 
sont transformés par le RhCl(PPh ) , en des dérivés du biurète, tandis que 
en plus de biurètes, dans la réaction avec le Rh(PPh ) [Ph PC(S)NPh] aussi 
des produits trimérisés cycliques sont formés. 
Le chapitre VII-A décrit la synthèse et la caractérisation de complexes 
du Rhodium(III) avec deux ou trois ligandes hétéro allyliques. Ceux-là 
existent en plusieures isomères géométriques et optiques. Les isomères 
méridionale et faciale du Rh[Me NC(S)NPh] peuvent être séparées par 
crystallisation fractionnelle. A une température élevée l'isomère mer se 
transforme complètement et irréversiblement en l'isomère fac. On observe une 
rotation rapide autour de la liaison exocyclique C-N, même à -60 C. 
Rh[Ph PC(S)NR] existe principalement dans la forme mer. Son spectre RMN 
Ρ montre la forme d'un A XRh dessin à -49 C, d'un ABXRh dessin à la 
température ambiante et d'un AMXRh dessin à +109 C. 
Dans la deuxième partie VII-B, nous traitons les oxidations et les 
réductions électrochimiques du Rh[Ph PC(S)NR] , du Rh[Me NC(S)NPh] et du 
Rh[Bu NC(S)s] , mesurées avec la voltammétne cyclique et la Polarographie 
à pulsation dans une atmosphère soit de N soit de CO. Les complexes peuvent 
être oxides irréversiblement avec la transition d'un électron. A la suite 
de l'oxidation du Rh[Bu NC(S)S] la dimère Rh [Bu NC(S)s] se forme très 
probablement.Il se trouve que le CO n'affecte pas les oxidations et les 
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produits d'oxidation. Sous N Rh[Ph PC(S)NR] et Rh[Bu NC(S)s] subissent 
une réduction avec la transition de deux électrons, suivie par 1'oxidation 
des produits avec la transition d'un électron. Pendant la réduction du 
Rh[Ph NC(S)NR] ,une ligande hétéro allylique est éliminée sous CO, mais pas 
sous N . Pendant la rduction du Rh[Bu NC(S)s] , le Rh[Bu NC(S)S] ainsi que 
la ligande libre [Bu NC(S)s] sont formés.Avec CO, le complexe formé, le 
Rh[Bu NC(S)S] , se transforme directement en Rh(CO) [Bu NC(S)s] et ce 
produit ensuite est réduit immédiatement avec une transition de deux 
électrons à ce que nous pensons être [Rh(CO) ] . Sous ces conditions, la 
réduction représente le cas nouveau d'une transition de quatre électrons à 
un seul potential de réduction. 
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SAMENVATTING 
Dit proefschrift beschrijft een studie van de structuur en reactivi­
teit van Rhodium- (en in mindere mate Iridium-) hetero alleen en -allyl 
complexen. De namen van deze twee uitgebreide klassen van verbindingen, 
hetero allenen en -allylen, zijn afgeleid van het alleen molecuul 
(H C=C=CH ), respectievelijk het allyl anion ([н.С-С(H)-CH ] ). Tot deze 
klassen behoren belangrijke chemicaliën als koolstof disulfide, iso(thio)-
cyanaten, (thio)urea en (dithio)carbamaten. Afgezien van deze bekende 
verbindingen is ook een tamelijk nieuwe groep hetero allylen bestudeerd. 
Dit type bevat fosfor als hetero atoom. Nieuwe facetten betreffende de 
structuur en chemische en electrochemische reacties van deze verbindingen 
worden belicht. 
In hoofdstuk I worden de begrippen hetero alleen en -allyl nader 
toegelicht. Aansluitend wordt een literatuur overzicht van de chemie van 
deze hetero verbindingen met overgangsmetaalcomplexen gegeven. De onder-
linge chemische verwantschap van de afzonderlijke klassen van hetero 
verbindingen wordt door middel van een aantal schema's visueel gemaakt. 
Hoofdstuk II beschrijft de synthese en de karakterisering van reeds 
bekende en nieuwe hetero allylen, die nagenoeg alle fosfor als hetero 
atoom bezitten en alle een -NR groep bevatten. Deze systemen, in het ver-
volg van deze dissertatie als liganden in Rhodium complexen gebruikt, 
kunnen in geprotoneerde vorm worden opgevat als gesubstitueerde primaire 
amines. De verbindingen worden geclassificeerd naar sterkte van de N-H 
band. 
Hoofdstuk III behandelt de synthese en de karakterisering van Rhodium-
en Indium-PPh complexen van deze fosfor-bevattende hetero allylen. 
Deze liganden coördineren alle bidentaal via de fosfor-houdende 
functie en een tweede hetero groep, waarbij de voorkeur voor coördinatie 
afneemt volgens Ξ > RN > O. Koolmonoxide substitueert het PPh ligand dat 
zich in transpositie t.o. het chelaat donor atoom bevindt met de laagste 
transinvloed. Er blijkt voor de asymmetrische complexen van het type 
Rh (PPh..) _ (hetero allyl) een correlatie te bestaan tussen de P-P kop-
3 2 •' cis 
peling en beide Rh-P koppelingen volgens: 
2J(P,-P.) = ^1J(Rh-P,)xlJ(Rh-P„)--|lJ(Rh-P.)-lJ(Rh-P„) -c 1 2 cis μ 1 2 μ | 1 2 | 
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Een aantal van deze Rh(PPh ) (hetero allyl) of Rh(PPh)(CO)(hetero 
allyl) complexen is niet stabiel en splitst dientengevolge het hetero al-
leen af, waaruit het gecoördineerde hetero allyl is opgebouwd. Deze de-
insertie of eliminatie reacties worden besproken in Hoofdstuk IV. Aldus 
kan Rh(PPh ) (SPPh ) worden gevormd. Dit complex - het eerst gerapporteer-
2 de met η gecoördineerd SPPh - kan ook worden bereid via directe reactie 
van RhCKPPh ) met HP(S)Ph , gevolgd door HCl eliminatie. 
In hoofdstuk V worden de reacties van Ph PC(S)NHR met [Rh(CO) Cl]_ 
beschreven. Steeds wordt een CO molecuul geëlimineerd. Door het aanbieden 
van een of twee van deze fosfine liganden, al dan niet in aanwezigheid 
van een base, kan verschillend coordinatief gedrag optreden. In de gepro-
toneerde vorm coördineert het ligand η via Ρ en incidenteel 2η via Ρ en 
S. Voor het gedeprotoneerde ligand wordt meestal 2η coördinatie via Ρ en 
S waargenomen, doch soms 2η -μ -η coördinatie via (S,Ν) en P. 
Hoofdstuk VI beschrijft de reacties van RhCKPPh ) en Rh(PPh) (he­
tero allyl) met hetero allenen. Isothiocyanaten (VI-A) en koolstof disul­
fide (VI-B) dimenseren in een template reactie om vervolgens te dispro-
portioneren tot isocyanide- en dithiocarbommidaat-, respectievelijk tot 
thiocarbonyl- en trithiocarbonaat fragmenten. Isocyanaten (VI-C) worden 
door RhCKPPh ) omgezet m biureet derivaten, terwijl in de reactie met 
Rh(PPh ) [Ph PC(S)NR] naast de vorming van biureet ook cyclische tnmeri-
satie wordt waargenomen. 
Hoofdstuk VII-A beschrijft de synthese en karakterisering van 
Rh(III)-bis en -tris hetero allyl complexen. Deze komen voor in verschil­
lende geometrische en optische isomeren. De meridionale en faciale vormen 
van Rh[Me2NC(S)NPh] kunnen van elkaar worden gescheiden door fractionele 
knstallisatie. Bij hoge temperatuur gaat het mer isomeer volledig en ir­
reversibel over in de fac vorm. Zelfs bij -60 С vindt er snelle rotatie 
om de exocyclische C-N band plaats. Rh[Ph PC(S)NR] komt voornamelijk in 
31 2 3 
de mer-vorm voor. Het Ρ NMR spectrum van deze verbinding heeft bij 
-49 С de vorm van een A XRh-, bij kamertemperatuur van een ABXRh- en bij 
+109 С van een AMXRh spectrum. 
In het tweede gedeelte VII-B tenslotte worden de electrochemische 
oxidaties en reducties van Rh[Ph PC(S)NR] , Rh[Me NC(S)NPh], en 
Rh[Bu NC(S)S] , gemeten onder N.- of CO- atmosfeer behandeld. (Cyclische 
Voltarcmetrie en Puls Polarografie). 
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De drie complexen kunnen irreversibel worden geoxideerd in een een-
electron proces. Bi] de oxidatie van Rh[Bu NC(S)s] wordt naar alle 
waarschijnlijkheid het dimeer Rh [BU NC(S)S] gevormd. CO blijkt geen 
invloed te hebben op de oxidaties en de oxidatie-producten. Rh[Ph PC(S)NR] 
en Rh[Bu9NC(S)s] vertonen onder N een twee-electron reductie. De geredu-
ceerde producten worden vervolgens in een een-electron stap geoxideerd. 
Bij reductie van Rh[Ph PC(S)NR] vindt geen ligand afsplitsing plaats, 
tenzij de reductie wordt uitgevoerd onder CO. Bij de reductie van 
Rh[Bu NC(S)S] ontstaat naast Rh[Bu NC(S)S]~ ook vrij [Bu NC(S)S]~. Met CO 
reageert het gevormde Rh[Bu NC(S)s] direct tot Rh (CO) [Bu NC (S) s] om 
vervolgens onmiddellijk via een twee-electron reductie te worden omgezet in 
hoogst waarschijnlijk [Rh(CO) ] . Onder deze omstandigheden worden derhalve 
bij de reductie vier electronen opgenomen door het complex. Een dergelijke 
vier electron reductie bij een enkele potentiaal is niet eerder gerappor-
teerd. 
150 
CURRICULUM VITAE 
Harry Thewissen werd op 18 december 1952 te Heerlen geboren. 
Na het voltooien in 1971 van de Gymnasium-ß opleiding aan het Sint 
Bernardinus College aldaar, ving hij in hetzelfde jaar de studie schei-
kunde aan de Katholieke Universiteit te Nijmegen aan. Het candidaats-
examen S 1 werd cum laude in mei 1974 behaald. In juni 1977 legde hij 
cum laude doctoraal examen af met als hoofdvakken Anorganische Chemie bij 
Prof.Dr.Ir. J.J. Steggerda en Vaste Stof Chemie bij Prof.Dr. J. Bloem en 
als caput Quantumchemie. 
Van 1 juli 1977 tot 31 oktober 1979 was hij als wetenschappelijk 
medewerker verbonden aan de afdeling Algemene en Anorganische Chemie van 
de Katholieke Universiteit te Nijmegen. Gedurende deze promotie-stage 
assisteerde hij op het practicum Synthese. 
Sedert 1 november 1979 is hij als research-chemicus werkzaam op het 
Organisch Chemisch Instituut TNO te Utrecht, alwaar het in dit proef-
schrift beschreven onderzoek werd afgerond. 

1. De verklaring van Menta et al. voor de vorming van het 5,8-dibroora-
8-cyano-bicyclo-[3.2.1.]-octadieen-carboxylaat uit het 5,9-dibroom-
2 5 3 9 4 8 pentacyclo-[5.3.0. ' 0. ' 0. ' ]-deca-6,lO-dion-ó-ethyleen-ketaal 
o.i.v. NaN in waterig methaansulfonzuur geeft onvoldoende grond voor 
de aanname dat het 5-broom atoom in de laatstgenoemde verbinding een 
essentiële rol speelt bij de initiatie van de kooi-openingsreactie. 
G. Afehta and S.C. Sun, Tetrah.Letters, 21 (1980) 2093. 
2. Het meten van slechts één parameter door Cleare et al. voor het gedrag 
van cis-Pt(NH ) Cl- bi] oplossen in water wettigt niet de door de 
auteurs getrokken conclusies. 
M.J. Cleare, P.C. Hydes, B.W. Malerbi and D.M. Watkms, Biochimie, 
(1978) 835. 
3. In zijn beschouwing over HPLC met roterende schi]fdetector stelt Brunt 
dat de introductie van de condensator-laadstroom een nadeel van de 
puistechniek is, omdat hierdoor de onderste detectiegrens ongunstig 
beïnvloed wordt, en dat terwijl de puistechniek juist ontwikkeld is 
om van dit euvel verlost te zijn. 
K. Brunt, Chemisch Magazine, 32 (1980) m421. 
4. Bij de interpretatie van de groeivormen van d.m.v. "chemical vapour 
transport" bereide kristallen moet meer aandacht worden geschonken 
aan de mogelijke aanwezigheid van een vloeistoffase gedurende de 
groei, ald\is leidend tot "vapour-liquid-solid" groei. 
5. De discussies aangaande de structuurbeschrijving van zeven-gecoordi-
neerde complexen in termen van "capped octahedron", "capped trigonal 
prism", "pentagonal bipyramid" of "4.3 piano-stool" blijven uitslui-
tend beperkt tot etiketteren. 
E.B. Dreyer, C.T. Lam and S.J. Lippard, Inorg.Chem. , 18 (1979) 
1904 en daarin genoemde referenties. 
6. Het argument, dat de orthogonale "collocation" techniek gezien zijn 
korte rekentijd de voorkeur verdient boven het "Crank-Nicholson finite 
difference" schema, is door de komst van steeds snellere rekenmachines 
aanvechtbaar. 
L.F. Whitmg and P.W. Carr, J.Electranal.Chem., 81 (1977) 1. 
7. Het volledige energetische bandenschema voor een η-type halfgeleider 
kan niet zonder meer worden toegepast op TiO korrels met een diameter 
van ten hoogste 1 μιη, zoals deze gebruikt worden voor de foto-kataly-
tische splitsing van water en verwante foto-electrochemische processen. 
J. Kiwi, E. Borgarello, E. Pelizzetti, M. Visca and M. Grätzel, 
Angew.Chem. , 92 (1980) 663. 
B. Kraeutler and A.J. Bard, J.Am.Chem.Soc., 100 (1978) 5985. 
8. Het uitsluiten door Chaudret et al. van een structuur van [Ru-Cl.. (PPh.) _-
(RNCHCHNR)]cl, waarbij beide diazadieen moleculen aan de ene zijde via 
het lone pair van N en aan de andere zijde via de C=N band gecoördineerd 
zijn, op grond van het afwezig zijn in het Ρ NMR spectrum van een P-H 
koppeling tussen de fosfines en de imme protonen is onjuist. 
B. Chaudret and R. Poilblanc, J.C.S. Dalton, (1980) 539. 
9. Gezien het grote aantal verwijzingen naar unoublished results, personal 
communications e.d. loont het wellicht de moeite nader te onderzoeken 
in hoeverre er behoefte bestaat aan een nieuw op te richten tijdschrift, 
the Journal of Unpublished Results. 
10. Hospitalisatie is een psychiatrogene aandoening. Indien de psychiatrie 
dit erkent, zal zij open moeten staan voor de verworvenheden van de 
antipsychiatrie. 
11. De experimentele woning is het compromis tussen de behoefte aan gebor-
genheid van bewoner en de waanideeën van architect en welstandscommissie. 
B.v. Воотнотпдеп Helmond, Volkshuisvesting Actueel, 12 (1979) 18. 
12. Het verdient aanbeveling - overeenkomstig de wil van de componist - de 
door Leopold Nowak op moeizame en minutieuze wijze verkregen heisschep­
pingen van de beide Fassungen van de achtste symfonie van Anton Bruckner 
te honoreren met afzonderlijke uitvoeringen en voortaan af te zien van 
de compilatieve bewerking van Robert Haas. 
Robert Haas, Compilatie achtste symfonie, (1939). 
Leopold Nowak, Zweite Fassung, (1954). 
Leopold Nowak, Erste Fassung, (1978). 
13. Ter voorkoming van netelige situaties rond geëxposeerde hedendaagse 
schilderwerken verdient het aanbeveling, dat het technisch museum-
personeel vóór rondleiding met explicatie door een deskundige zich 
alsnog ervan overtuigt, dat de zich boven bevindende zijde van de 
werken inderdaad de door de kunstenaar als bovenzijde bedoelde is. 
14. Over smaak valt niet te twisten, over stellingen wel. 
Utrecht, 1 oktober 1980, 
Harry Thewissen 


